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SnnUSL  REPORT 

OF  THE 

MEDICAL  OFFICER  OF  HEALTH, 


1897. 


EARLESTOWN  : 

S.  Harvey,  Printer,  “ Guardian  ” Office,  Bridge  Street, 


1 89  8. 


HAYDOCK. 


To  the  Chairman  of  the  Haydock  Urban  District  Council, 


3rd  March,  1898. 


Sir, — 

I have  the  honour  of  submitting  to  your  Council  the  following  Report  on  the  Health  of 
the  Urban  Sanitary  District  of  Haydock  for  the  year  1897,  this  being  the  tenth  Annual  Report 
which  it  has  been  my  duty  to  compile  since  my  appointment  as  Medical  Officer  of  Health. 

POPULATION. 

The  first  step  in  such  a Report  as  this  must  necessarily  be  to  form  some  estimate,  as  near  the  truth 
as  possible,  of  the  total  population  of  the  district  as  it  existed  at  the  middle  of  the  year.  The  great 
importance  of  accuracy  in  this  respect,  as  well  as  the  increasing  difficulty  of  attaining  it,  as  the  years 
go  by  from  one  Census  to  the  next,  have  been  fully  dwelt  upon  in  previous  Annual  Reports,  and  at 
the  same  time  the  various  methods  which  are  available  for  more  or  less  approximately  estimating  the 
population,  have  been  described. 

As  regards  the  year  now  under  consideration  there  are  the  following  data  to  work  from — 

(1)  The  Population  of  Haydock  as  enumerated  at  the  last  Census  in  1891,  was  6,535. 

(2)  Since  the  date  of  this  Census,  at  the  beginning  of  the  second  quarter  of  1891,  to  the 
middle  of  1897,  the  Births  registered  have  exceeded  the  Deaths  by  the  number  918,  therefore,  by  this 
“ natural  increase  of  population  ” alone,  the  number  6,535  would  have  been  increased  to  7,453.  From 
the  middle  of  1896  to  the  middle  of  1897,  the  natural  increase  of  population  was  152. 

(3)  On  the  assumption  that  the  same  “ rate  of  increase  ” has  continued  to  prevail  since  the 
Census  of  1891,  as  was  found  to  exist  from  the  Census  of  1881  to  that  of  1891,  the  estimated 
population  for  1897  would  be  6,994.  But  it  is  a matter  of  common  knowledge  that  the  population 
during  the  last  few  years  has  greatly  increased  by  immigration,  so  that  this  estimate  would  be  much  too 
low. 

(4)  The  number  of  Inhabited  Houses  in  the  Township  at  the  middle  of  the  year  remained 
the  same  as  in  the  preceding  year  1896,  viz.,  1,341.  Assuming  that  the  average  number  of  inhabitants 
per  house  has  remained  the  same  as  that  found  at  the  last  Census,  viz.,  5'88,  the  total  number  of 
inhabitants  would  be  7,885. 

(5)  Basing  a calculation  on  the  assumption  that  the  Birth-rate  has  remained  constant, — 
from  the  facts  ( a ) that  there  were  registered  in  Haydock  during  the  year  292  births  and  (b)  that  the 
average  Birth-rate  for  the  preceding  ten  years  was  39‘9  per  thousand,  the  number  7,318  is  thus 
deduced. 

292 

X 1,000=7,318 

39-9 

The  Birth-rate,  however,  in  populations  so  small  as  that  of  Haydock  is  liable  to  greater  yearly 
fluctuations  than  is  the  case  with  larger  communities,  and  therefore  too  much  reliance  cannot  be 
placed  on  this  method  of  estimation. 

The  greatest  weight  must  be  attached  to  the  estimation  from  the  number  of  inhabited 
houses,  taken  in  conjunction  with  the  known  natural  increase  for  the  year,  and  whereas  there  were 
sufficient  reasons,  as  given  in  the  report  for  1896,  for  then  estimating  the  population  of  Haydock  as 
7,900,  from  my  intimate  knowledge  of  the  district  as  to  immigration  probably  exceeding  emigration, 
and  my  observation  as  to  the  extent  to  which  people  are  now  increasingly  crowded  together  in  the 
houses,  I believe  that  an  estimate  of  8,000  for  the  year  1897  is  near  the  truth. 

Tables  I.,  Ia.,  and  Ib.  in  the  Appendix  give  the  fullest  information  possible  to  be  obtained  from 
the  official  records  of  the  Census  Department  as  to  past  enumerations  of  the  population  of  Haydock 
since  1801.  For  these  I am  indebted  to  the  courtesy  of  Mr.  Noel  A.  Humphreys,  until  recently 
Secretary  of  the  Census  Office. 

Population  of  the  Separate  Wards  of  the  Township. 

Although  these  Wards  cannot,  in  an  official  sense,  be  “areas  of  known  population”  until  the 
next  Census,  an  attempt  was  made  in  my  last  Annual  Report  to  approximately  distribute  the  total 
population  between  them,  on  the  basis  of  the  known  numbers  of  inhabited  houses  which  they 
respectively  contain. 

For  the  year  1897  a similar  estimation  has  been  made  as  follows : — 

Wards.  Inhabited  Houses.  Estimated  Population. 


East 416  ...  ...  2,482 

Central 422  ...  ...  2,517 

West  503  3,001 
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Area  and  Density  of  Population. 

The  area  of  the  Township  in  statute  acres  is  2,409,  giving  an  average  population  of  3’3  persons 
per  acre.  This,  however,  is  by  no  means  a true  representation  of  the  aggregation  of  population,  as  so 
large  a proportion  of  the  area  is  free  open  space. 

Basing  the  calculation  on  the  estimates  of  population  above  given,  the  details  under  this  heading 
as  regards  the  separate  Wards  are  as  follows : — 


Wards.  Acreage.  Average  No.  of  Persons  per  Acre. 

East 1,516 1-6 

Central  ...  615  ...  ...  ...  4-2 

West  278  10-8 


BIRTHS. 

During  the  year  there  were  registered  in  the  Township  of  Haydock  292  births,  including  155 
males  and  137  females. 

They  were  in  the  proportion  of  36-5  per  thousand  of  the  estimated  population,  the  rate  for  the 
previous  year  having  been  39'9,  and  the  mean  rate  for  the  preceding  10  years  also  39‘9. 

Of  the  births  registered  4 were  “ illegitimate,”  as  against  8 in  the  previous  year,  and  15  and 
2 respectively  in  the  years  1895  and  1894. 

The  percentage  of  illegitimate  births  for  the  year  was  therefore  T4,  or  in  other  words  they  were 
in  the  proportion  of  14  per  thousand  births. 

The  mean  proportion  for  the  4 years  1894-97,  which  are  the  only  years  for  which  I have  records 
as  to  this  point,  was  22  per  thousand  births.  For  England  and  Wales,  as  a whole,  the  mean 
proportion  for  the  10  years  1886-95  was  44  per  1000  births. 

Your  Council  having  agreed  on  my  recommendation  to  defray  the  expense  of  having  detailed 
returns  of  births  made  to  me  by  the  District  Registrar,  I am  for  the  first  time  enabled  in  this  report 
to  present  statistics  as  to  the  Birth-rates  in  the  separate  Wards.  These  are  as  follows : — 

Wards.  No.  of  Births.  Birth  Rate  per  1,000. 


East  81 32-6 

Central  ..  86  ...  ...  ...  34‘2 

West  125  ...  . . . . 40‘2 


Proportion  of  Male  to  Female  Births. 

Taking  the  statistics  of  births  for  England  and  Wales  as  a whole,  or  those  for  any  largely 
populated  district,  it  is  invariably  found  that  the  proportion  of  male  births  considerably  exceeds  that 
of  female  births.  Until  recently  the  records  in  my  possession  for  Haydock  as  to  this  point  only 
dated  from  the  year  1888.  Having  had  occasion,  for  a purpose  which  will  be  explained  in  a 
Supplement  to  this  Report,  to  obtain  from  the  Superintendent-Registrar  for  the  District,  a return  of 
the  male  and  female  births  for  the  years  1876  onwards  to  1888,  I am  enabled  to  give  statistics  as  to 
this  point  for  a consecutive  period  of  20  years.  From  these  it  would  appear  that  in  Haydock  the 
excess  of  male  over  female  births  has  been  less  marked  than  is  the  case  for  England  and  Wales 
generally,  and  that  for  some  periods  a reverse  proportion  has  existed.  This  anomaly  as  to  births  will 
be  found  to  be  associated  with  a corresponding  anomaly  as  to  the  death-rates  of  males  and  females. 


Periods.  Proportion  of  Male  Births  to  1,000  Female  Births. 

Haydock.  England  & Wales. 

5 Years  1876-80 969  1,038 

5 Years  18*1-85 993  ...  1,039 

5 Years  1886-90 1,087  1,036 

5 Years  1891-95 1,028  1,036 

20  Years  1876-95 1,019  1,037 


DEATHS. 

The  number  of  Deaths  registered  as  having  occurred  in  the  Township  of  Haydock  during  the 
year  was  143,  including  67  males  and  76  females.  They  were  in  the  proportion  of  17‘87  of  the 
estimated  living  population.  Before,  however,  the  rate  of  mortality  for  any  district  can  be  fairly 
represented,  certain  corrections  have  to  be  made  as  to  the  number  of  deaths  on  which  the  calculation 
is  to  be  based — 

(1)  Deaths  occurring  within  the  District  of  Persons  not  properly  belonging  thereto  are  to  be 
excluded.  Such  Deaths  were  : — 

(a)  Occurring  among  the  inmates  of  Haydock  Lodge  Lunatic  Asylum H 

(b)  Fatalities  to  Coal  Miners  resident  in  outside  districts,  while  working  in 

Haydock  ...  ...  ...  ...  ..  ...  ...  ...  ...  2 

(c)  Sudden  death  while  at  work  of  a man  resident  at  Earlestown  ...  ...  1 


Total... 


14 
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(2)  Deaths  occurring  outside  the  District  of  Persons  properly  belonging  thereto,  must  be 
included.  All  such  Deaths  known  to  me  are  stated  below,  but  until  something  corresponding  to  a 
“ clearing-house  ” is  established,  by  which  official  information  shall  be  conveyed  to  all  Medical  Officers 
of  Health  of  deaths  properly  belonging  to  their  districts,  wherever  occurring,  complete  statistics  under 
this  heading  cannot  be  given — 

(a)  Deaths  of  Patients  from  Hay  dock  at  the  St.  Helens  Borough  Sanatorium  ...  3 

(b)  Death  at  the  Workhouse  at  Warrington  . ...  ...  ...  ..  ...  1 

(c)  Sudden  death  in  Earlestown  of  a Hay  dock  resident  ...  ...  ...  ...  1 

( d)  Drowning  fatality  at  Knowsley  ..  1 

Total  ..  6 

The  corrected  number  of  Deaths  is  therefore  143-14-1-6  = 135,  and  based  on  this  number  the 
Death  Rate  for  the  year  is  calculated  as  1G‘88  per  thousand,  as  against  16‘8  for  the  previous  year  and 
17-4  the  mean  rate  for  the  10  years  1887-96.  After  distributing  the  total  number  of  Deaths 
between  the  respective  Wards,  and  making  the  corrections  of  addition  and  subtraction  to  each,  the 
separate  Death  Rates  are  found  to  be  as  follows  : — 


Wards.  Corrected  No.  of  Deaths.  Death  Rates.  Corresponding  Rates  for  1896. 

East 33  13-3  13'1 

Central  42  ...  ...  16*7  ...  ...  14-5 

West  60  200  20  6 


These  statistics  are  of  practical  importance,  as  showing  that  the  West  Ward,  in  which  the 
population  is  most  densely  crowded,  and  in  which  the  worst  sanitary  conditions  exist,  shows  by  far 
the  highest  Death  Rate. 

Relation  of  Death-Rates  to  the  Age  and  Sex  Distribution  of  the  Population. 

It  is  a matter  of  common  knowledge  that  not  only  does  the  Death-Rate  in  the  same  district  vary  from 
year  to  year,  but  that  in  the  same  year  the  Death-Rates  in  different  districts  vary  widely  from  each 
other.  The  Death-Rates,  as  usually  calculated  from  the  total  population  and  the  total  number  of 
deaths,  are  known  as  “ crude  ” Death-Rates.  Although  these  crude  Death-Rates  may  to  a large  extent 
be  reliably  used  in  comparing  the  mortality  in  any  given  district  with  that  of  the  same  district  in 
different  years,  yet  when  they  come  to  be  used,  as  they  often  are,  in  comparing  the  mortality  of 
different  districts  with  each  other,  they  are  usually  very  fallacious,  as  will  be  apparent  from  the 
following  considerations : — 

(1)  As  shown  by  the  Census  enumerations  and  classifications  of  population,  different  districts 
are  found  to  greatly  differ  from  each  other  both  as  regards  the  relative  proportions  of  males  and 
females,  and  as  regards  the  proportions  of  persons  at  different  ages.  If  the  rates  of  mortality  were  the 
same  for  each  sex  and  for  all  ages,  this,  of  course,  would  not  matter. 

(2)  However,  it  is  found,  taking  the  statistics  for  the  whole  country  for  a large  number  of  years, 
that  the  Death-Rate  per  thousand  of  the  total  male  population  exceeds  the  Death-Rate  of  the  total 
female  population  by  2d — that  is,  in  every  thousand  of  males  there  would  occur  annually  rather  over 
2 more  deaths  than  in  every  thousand  females.  Therefore  it  may  be  expected  that  in  a population 
like  that  of  Haydock,  in  which  there  are  more  males  than  females,  the  Death-Rate  would  be 
proportionately  higher  than  in  a population  conforming  to  the  usual  proportion  of  more  females  than 
males. 

(3)  Again,  when  the  total  population  for  each  sex  is  classified  into  groups  at  different  ages,  and 
the  Death-Rates  are  calculated  for  each  group  according  to  the  proportions  of  deaths  occurring  at  the 
different  ages,  these  rates  differ  very  greatly  from  each  other.  Thus  it  is  found  that  for  ages,  below  5 and 
over  55,  the  rates  are  above  the  average  for  the  total  population,  while  for  ages  between  5 and  55,  the 
rates  are  below  the  average.  For  the  age-period  below  5 the  Death-Rate  is  about  3 times  the  average, 
and  at  the  more  advanced  ages  the  average  is  exceeded  by  many  times. 

(4)  Therefore  if  the  population  of  any  district  should  contain  an  excessive  proportion  of  persons 
below  5 or  over  55,  the  total  Death-Rate  may  be  expected  to  be  proportionately  higher,  whereas  if 
there  be  an  unusually  large  proportion  of  persons  between  5 and  55,  the  total  Death-Rate  will  be 
proportionately  lowered.  In  consideration  of  these  facts  I was  prepared  until  recently  to  argue,  as 
regards  Haydock,  that  because  its  population  contains  (a)  a large  excess  of  males  and  (b)  a large  excess 
of  persons  below  5,  as  compared  with  the  average  population  for  the  whole  of  England  and  Wales, 
that  its  Death-Rate,  to  be  fairly  compared  with  the  whole  country,  should  be  lower  than  the  “ crude  ” 
or  recorded  Death  Rate.  However,  the  matter  is  by  no  means  so  simple  as  it  thus  appears  to  be,  for 
in  order  that  the  Death-Rate  of  Haydock  may  be  fairly  compared  with  that  for  England  and  Wales, 
the  separate  Death-Rates  must  be  calculated  for  each  sex  at  each  of  the  11  main  age-groups  used  by 
the  Registrar-General.  If  a district,  such  as  Haydock,  has  had  for  a long  series  of  years  an  excessively 
high  Birth-Rate,  the  result  is  that,  not  only  is  there  a large  proportion  of  children  below  5,  but  there 
comes  to  be  also,  as  the  survivors  grow  up,  a large  proportion  of  young  adults,  in  whom  the  Death- 
Rate  is  much  below  the  average,  and  therefore  as  will  appear  by  the  figures  to  be  produced,  in  order 
that  the  Death-Rate  of  Haydock  may  be  fairly  compared  with  that  for  the  whole  country,  it  will  have 
to  be  raised  instead  of  being  lowered. 
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(5)  Now,  in  seeking  to  make  such  a comparison  as  that  just  indicated,  it  will  be  obvious  that 
this  may  be  done  in  one  or  other  of  two  ways — (a):  A calculation  may  be  made  as  to  what  the  total 
Death-Rate  would  be  in  Haydock  if  the  Death-Rates  in  each  age-group  for  each  sex  were  the  same 
as  the  corresponding  I ’eath- Rates  for  England  and  Wales,  or — ( b ):  A calculation  may  be  made  as  to 
what  the  total  Death-Rate  would  be  in  England  and  Wales  if  the  Death-Rates  for  each  of  the  age  and 
sex  groups  were  the  same  as  those  for  Haydock.  The  first  method  suggested  is  what  is  employed  by 
the  Registrar-General  in  making  out  “Factors  of  Correction”  for  a certain  number  of  large  towns 
immediately  after  the  results  of  a Census  have  been  made  known,  which  are  intended  to  be  applied 
until  the  next  Census.  The  second  method  is  used  in  the  last  “ Decennial  Report  ” of  the  Registrar- 
General  in  taking  a retrospective  view  of  the  mortality  of  the  different  districts  for  the  10  years 
1881-90,  based  on  the  mean  population  deduced  from  the  two  Census  enumerations  of  1881  and  1891. 

I have  made  calculations  for  Haydock  according  to  the  first  method,  which  are  to  be  given 
immediately  following.  Another  calculation,  according  to  the  second  method,  is  inserted,  with  other 
tables,  in  the  Supplement  to  this  Report,  dealing  with  the  Vital  Statistics  for  the  10  years  1881-90. 

Calculation  of  the  “ Standard  Death-Rate,”  and  of  the  “Factor  of  Correction  ” for 
age  and  sex  distribution  of  population,  by  the  use  of  which  the  “crude”  or 
“recorded”  Death-Rates  of  Haydock  may  be  fairly  compared  with  the  Death- 
Rates  for  England  and  Wales  during  the  10  years,  1891-1900. 

1st  Step. 

Given  (a)  the  population  numbers  of  Haydock,  in  age  and  sex  groups,  as  enumerated  at  the 
census  of  1891,  and  (b)  the  mean  annual  Death-Rates  per  thousand  for  England  and  Wales,  during 
the  10  years  1881-90,  for  each  of  the  age  and  sex  groups,  it  may  readily  be  found  what  the  yearly 
number  of  Deaths  should  be  among  the  total  population  of  Haydock,  as  enumerated  at  the  census, 
assuming  that  the  Death-Rates  were  the  same  in  Haydock  as  in  the  whole  of  England  and 
Wales.  ( JS'ote — as  the  Deaths  among  the  inmates  of  Haydock  Lodge  Lunatic  Asylum  are  not  fairly 
to  be  included  among  the  proper  mortality  of  Haydock,  it  is  requisite,  with  equal  fairness,  to 
exclude  from  the  total  population  numbers  the  enumerated  numbers  in  the  various  groups  of  the 
inmate  population  of  the  Asylum). 


Males. 

Females. 

Population 

Population 

numbers  of 

numbers  of 

Haydock 

Death- 

Haydock 

Death- 

excluding 

Rates 

Numbers 

excluding 

Rates 

Numbers 

Asylum 

for 

of 

Asylum 

for 

of 

Ages. 

Inmates. 

England. 

Deaths. 

Inmates. 

England. 

Deaths. 

0 — 5 

504  ... 

61-69 

...  31-19176  ... 

491 

51-99  ... 

25-52709 

5—10  ... 

437  ... 

5-34 

2-33358  ... 

452  ... 

5-25 

2-31300 

10—15  ... 

400  ... 

2-94 

1-17600  ... 

392  ... 

3-09  ... 

1-21128 

15—20  ... 

414  ... 

4-30 

1-78020 

277  ... 

4-40  ... 

1-21880 

20—25 

346  ... 

5-71 

1-97566  ... 

253 

5-51 

1 -39403 

25—35  ... 

535  ... 

7-73 

4-13555  ... 

357 

7-34  ... 

2-62038 

35 — 45 

368  ... 

1 2-35 

4-54480 

312 

10-55  ... 

3-29160 

45—55  ... 

211 

19-28 

4-06808  ... 

182 

15-04  ... 

2-77728 

55—65  ... 

161  ... 

34-66 

5-58026  ... 

147 

28-40  ... 

4-17480 

65—75  ... 

67  ... 

70-17 

4-70139  ... 

72  ... 

60-08  ... 

4-32576 

75  upwards 

13  ... 

162-18 

2-10834  ... 

18  ... 

147-32  ... 

2-65176 

Totals 

3456 

63-57562 

2953 

51-50578 

*2953 

fSl-50578 

Total  | 
Population  j 

= 6409 

115-08140  = 

Total  number  of  Deaths. 

* Female  Population. 

t Female  Deaths. 

2nd  Step. 

From  the  total  Population  and  from  the  total  number  of  Deaths  calculated  above,  the  Death 
Rate  per  thousand  may  be  thus  found  : 

115  081 

x 1000  = 17-96. 

6409 

This  is  called  the  “ Standard  Death  Rate  ” for  Haydock. 

3rd  Step. 

Find  the  ratio  which  the  Mean  Annual  Death-Rate  for  England  and  Wales,  during  the  10 
188/'-  no  years  1890-91$  bears  to  the  Standard  Death-Rate  for  Haydock  taken  as  unity.  This  will  give  the 
' “Factor  of  Correction  ” required.  /$&/-  0 

The  Mean  Annual  Death-Rate  for  England  and  Wales  for  the  10  years  4880=91  = 19-15. 

19-15 

Therefore  = 1-0663  = “ Factor  of  Correction.” 

17-96 
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By  multiplying  the  recorded  or  “ crude  ” Death  Rate  of  Haydock,  in  each  year  from  1891  to 
1900,  by  this  “ Factor  of  Correction,”  assuming  that  the  proportionate  age  and  sex  distribution  of 
the  population  remains  the  same  until  the  next  Census,  the  Death-Rate  of  Haydock  will  be  corrected 
to  what  it  woald  be  if  the  age  and  sex  distribution  of  the  population  of  Haydock  were  the 
same  as  that  o)  England  and  Wales. 

fth  Step. 

The  proportion  which  the  “ Corrected  Death-Rate  ” for  Haydock  in  each  year  bears  to  the 
Death-Rate  for  England  and  Wales  in  the  same  year,  taken  as  1,000,  is  called  the  “Comparative 
mortality  figure.”  That  is,  taking  the  year  1891  as  an  example,  the  number  of  persons  out  of 
whom  1,000  deaths  would  have  occurred  in  England  and  Wales  as  a whole,  would  only  have  given 
941  Deaths  in  Haydock. 


By  a precisely  similar  calculation  based  on  (a)  the  Census  Population  Numbers  for  Haydock  in 
1881 — excluding  the  Inmates  of  Haydock  Lodge  Asylum;  (b)  The  Mean  Annual  Death-Rates  for 
England  and  Wales  in  each  of  the  age  and  sex  groups  during  the  10  years  1871-80 ; and  (c)  the  total 
Mean  Annual  Death-Rate  for  England  and  Wales  for  the  same  10-yearly  period  (which  is  21-27), 

the  “ Standard  Death-Rate  ” for  the  10  years,  1881-90,  is  calculated  as  20-87,  and  the  “ Factor  of 
Correction”  as  1-0192. 

The  results  of  these  calculations  as  applied  to  correcting  the  Death-Rates  for  Haydock,  during 
the  17  years,  1881-97,  are  given  below. 

Table  showing  exact  comparison  of  the  Death-Rates  for  Haydock  with  those 
for  England  and  Wales  for  the  Years  1881-97. 


Crude 

Standard 

Factor 

Corrected 

Death-rate 

Comparative 

death-rates 

death-rate 

of 

death-rate 

for 

Mortality  Figure 

Year. 

of  Haydock. 

of  Haydock. 

correction. 

of  Haydock. 

England &Wales. 

England  =1000. 

1881 

...  14-97  ... 

20-87 

...  10192 

...  15-26 

• • • 

18-88 

808 

1882 

...  16-33  ... 

» 

• • • )f 

...  16-64 

19-62 

848 

1883 

...  12-83  ... 

yy 

• • • >y 

...  13-08 

19-64 

666 

1884 

...  17-48  ... 

» 

• • • >y 

17-82 

19-66 

906 

1885 

...  21-20  ... 

» 

• . • >> 

...  21-61 

19-20 

...  1,125 

1886 

...  1615  ... 

» 

• • • ft 

16-46 

• • • 

19-52 

843 

1887 

...  20-30  ... 

)) 

• • • yy 

...  20-69 

19-07 

...  1,085 

1888 

15-98  ... 

>> 

• • • yy 

...  16-29 

18-11 

899 

1889 

...  15-97  ... 

>» 

• • • yy 

...  16-28 

18-22 

893 

1890 

...  15-65  ... 

yy 

• • • yy 

...  15-95 

. . . 

19-55 

816 

1891 

...  17-85  ... 

1796 

...  1*0663 

1903 

20-22 

941 

1892 

...  17-36  ... 

)> 

• • • yy 

...  18-51 

• • • 

18-98 

975 

1893 

...  17-02  ... 

» 

• • • yy 

...  18T5 

• • • 

19-17 

946 

1894 

...  17-73  ... 

y) 

• • • a 

...  18-91 

• • • 

16-59 

...  1,140 

1895 

...  19-62  ... 

yy 

• • • yy 

...  20-92 

18-73 

• • 1,117 

1896 

...  16-84  ... 

yy 

• • • yy 

...  17-96 

17-19 

...  1,046 

1897 

...  16-88  ... 

77 

• • • yy 

...  17-99 

... 

17-43 

...  1,032 

Classification  of  the  Deaths  from  all  causes  according  to 

Ages  and  Sexes. 

This  is  given  in  the  following  Table. 

Ages. 

Males. 

Females. 

Persons. 

Under  1 Year 

23  

25 

48 

1 to  5 Years 

10  

9 

19 

Total  under  5 

Years 

33  

34 

67 

5 to  10  Years 

1 

4 

5 

10  to  15  Years 

1 

1 

2 

15  to  20  Years 

3 

3 

6 

20  to  25  Years 

i 

1 

2 

25  to  30  Years 

4 

1 

5 

30  to  35  Years 

2 

3 

5 

35  to  40  Years 

4 

0 

4 

40  to  45  Years 

3 

2 

5 

45  to  50  Years 

2 

3 

5 

50  to  55  Years 

3 

3 

6 

55  to  60  Years 

2 

2 

4 

60  to  65  Years 

3 

7 

10 

65  to  70  Years 

1 

2 

3 

70  to  75  Years 

4 

7 

11 

75  to  SO  Years 

0 

3 

3 

Totals  over  5 Years 

34  

42 

76 

Complete  Totals  ... 

67  

76 

143 

7 


The  percentage  of  Deaths  under  5 years  to  total  number  of  Deaths  was  49. 


The  mean  aye  at  Death  of  those  who  have  died  in  Haydock  during  the  year  (excluding  the 
Asylum  Deaths)  was — 


Males. 

197  Years. 


Females. 

25-2  Years. 


Persons. 
22'6  Years. 


The  Rate  of  Infant  Mortality  measured  by  the  proportion  of  Deaths  of  Infants  under 
1 year  of  age  to  1000  Births,  was  160,  as  against  177  in  1896,  191  in  L895,  and  145,  the  mean  rate 
for  the  10  Years  1887-96. 


Rate  of  Infant  Mortality  in  the  separate  Wards. 

This  has  been  worked  out  as  follows 


Wards.  No.  of  Births. 

East  81 

Central  86 

West  125 


No.  of 

Infant  Deaths. 
10 
14 
24 


Bate 

of  mortality. 

123 

163 

192 


Classification  of  Deaths  according  to  their  causes. 


Zymotic 

Diseases 


(-Scarlet  Fever 

Diphtheria  

Membranous  Croup 
Typhoid  Fever 
Whooping  Cough 

■ Diarrhoea  

Influenza  

Phthisis 

Tabes  Mesenterica 
Other  Tubercular  and  Scrofulous 

Cancer  

Diseases  of  f Bronchitis  

orMnq  I Pneumonia  

g Heart  Diseases  

Diseases  of  Nervous  System 
Diseases  of  Digestive  Organs 
Diseases  of  Urinary  Organs 
Other  Diseases 
Debility  from  Birth 
Premature  Birth  . . . 

Atrophy  

Senile  Decay 

ASnta  »£eVChi,dbrth 
Violence  or  Injuries 


Dise 


ases 


1 

3 

1 

4* 

5 

12 

2 

9 

3 

4 

3 

7\ 

12/ 

13 

12 

10 

4 
11 

6 
1 

5 

8 


19 


?}■ 

6 


Total  143 

* Including  3 deaths  at  the  St.  Helens  Borough  Sanatorium. 

The  Deaths  caused  by  the  “ Seven  'principal  Zymotic  Diseases  ” numbered  26,  (including  the  3 
Deaths  from  Typhoid  Fever  which  occurred  among  patients  removed  from  Haydock  to  the  St.  Helens 
Borough  Sanatorium).  Of  these  Deaths  46  per  cent,  were  attributable  to  Diarrhoea  alone. 

The  “ Zymotic  Death  Rate  ” for  the  year  was,  therefore,  3’25  per  thousand  of  the  estimated 
living  population  ; as  against  2-02  for  the  year  1896 ; 5T3  for  the  year  1895 ; and  3‘22  the  mean  rate 
for  the  10  years  1887-96. 

Zymotic  Death-Rate  for  the  Separate  Wards. 


This  has  been  worked  out  as  follows : — 


Deaths  from 

Ward.  Zymotic  diseases. 

East 6 

Central  6 

West  14 


Zymotic 

Death-rate. 

2-42 

2-38 

4‘66 


The  number  of  Deaths  returned  as  “ not  certified”  was  7,  being  in  the  proportion  of 
4'9  per  cent,  of  the  whole  number,  as  against  5 4 for  the  preceding  year,  and  2-4  for  the  year  1895. 
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Inquests  have  been  held  in  the  Township  during  the  year  to  the  number  of  6 ; the  cases  which 
formed  the  subjects  of  enquiry  being  classified  as  follows  : — 

Fatal  accidents  in  Coal  Mines  3 

Machinery  accident  at  Brick  Works  I 

Run  Over  by  Steam  Tram-car  1 

Suicide  by  Hanging  1 

Total  6 

Notification  of  Infectious  Diseases. 

During  the  year  1897  there  were  notified,  in  accordance  with  the  provisions  of  the  Compulsory 
Notification  of  Diseases  Act,”  104  cases  of  Infectious  Diseases,  a much  larger  number  than  in  any 
year  since  the  Act  came  into  force  in  Haydock. 

The  following  is  a tabulated  statement  of  the  cases  notified,  showing  the  numbers  of  the 
separate  diseases  to  which  the  Act  applies,  and  the  months  in  which  they  occurred. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Totals. 

1897 

^To 

1896 

tals 

1895 

for— - 
1894 

Small-Pox  

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1 

Diphtheria  

— 

o 

— 

2 

— 

— 

— 

— 

— 

— 

— 

— 

4 

11 

3 

4 

Membranous  Croup 

— 

3 

2 

2 

— 

7 

10 

11 

23 

Erysipelas’ 

— 

2 

1 

1 

1 

— 

— 

2 

1 

— 

— 

— 

8 

14 

11 

8 

Scarlet  Fever  

2 

8 

10 

2 

2 

3 

6 

11 

5 

7 

5 

3 

64 

18 

29 

23 

Enteric  or  Typhoid  Fever 

1 

1 

— 

1 

— 

— 

— 

1 

6 

1 

1 

— 

12 

12 

19 

3 

Continued  Fever  

— 

— 

— 

— 

— 

— 

— 

1 

— 

— 

— 

— 

1 

1 

— 

— 

Puerperal  Fever  

3 

— 

— 

— 

— 

1 

— 

2 

1 

1 

— 

8 

2 

1 

4 

; Totals  

3 

19 

11 

6 

3 

3 

7 

15 

14 

11 

9 

3 

104 

68 

74 

66 

The  following  Table  shows  the  distribution  of  the  cases  of  Infectious  Diseases  notified  during 


the  year,  as  regards  the  separate  Wards  of  the  Township. 


Bast. 

W ARDS 

Central. 

West. 

Totals. 

Diphtheria 

— 

— 

4 

4 

Membranous  Croup  ... 

— 

1 

6 

7 

Erysipelas 

— 

2 

6 

8 

Scarlet  Fever  ... 

3 

14 

47 

64 

Enteric  or  Typhoid  Fever 

1 

4 

7 

12 

Continued  Fever 

— 

— 

1 

1 

Puerperal  Fever 

1 

1 

6 

8 

Totals 

5 

22 

77 

104 

Cases  of  Infectious  Diseases  removed  to  the  Isolation  Hospital. 

During  the  year  12  cases  from  Haydock  have  been  treated  at  the  “ St.  Helens  Borough 
Sanatorium  ” at  Beasley  Cross.  Of  these,  8 were  cases  of  Scarlet  Fever,  and  4 of  Typhoid  Fever. 
All  of  the  Scarlet  Fever  cases  recovered,  but  3 of  the  Typhoid  Fever  cases  proved  fatal. 

In  the  previous  year  only  4 cases  were  removed  to  Hospital,  whilst  in  1895  the  cases  removed 
numbered  18. 

No  cases  of  Smallpox  have  been  admitted  during  the  year  to  the  Old  Wint  Hospital. 

In  this  connection  it  may  be  recorded  that  in  my  Monthly  Report  for  June,  1897,  I made  a 
recommendation  to  your  Council  that  a voluntary  scheme  for  the  notification  of  measles  should  be 
adopted,  by  which  any  Medical  Bractitioner  in  attendance  upon  a case  of  Measles  should  receive 
payment,  at  the  usual  rate,  for  notifying  such  case  to  the  M.  O.  H-,  but  that  such  payment  should 
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only  be  made  for  the  first  case  occurring  in  any  one  dwelling-house,  until  a period  of  60  days  had 
elapsed,  after  which  another  case,  if  occurring,  should  be  regarded  as  a “ first  ” case. 

After  full  consideration  of  the  matter  I felt  that,  in  view  of  the  differences  of  opinion  which 
prevail  as  to  the  value  of  including  Measles  in  the  schedule  of  diseases  to  which  the  Compulsory 
.N otification  Act  applies,  I could  not  urge  the  adoption  of  this  procedure  upon  your  Council,  but  I 
thought,  and  still  am  of  opinion,  that  the  modified  scheme  just  alluded  to  might  prove  of  very  great 
advantage  in  helping  to  limit  the  spread  of  this  disease,  when  it  next  breaks  out,  as  in  all  probability 
it  will,  in  the  course  of  a year  or  two. 

However,  as  after  full  discussion  of  the  matter,  your  Council  did  not  see  fit  to  adopt  my 
recommendation,  I can  only  again  submit  my  opinion  in  case  your  Council  may  be  disposed  to 
reconsider  the  question. 

General  Eemarks  on  the  Diseases  which  have  been  prevalent  during  the 
year,  and  on  the  statistics  presented  relating  to  the  sanitary  history  of  the  year. 

Diphtheria — Only  4 cases  of  this  disease  have  been  notified  during  the  year,  as  against  11  in 
the  previous  year.  The  cases,  however,  have  been  of  a severe  nature,  as  3 of  them  have  ended 
fatally,  a percentage  mortality  of  75,  whereas  in  1896  only  1 case  out  of  11  died,  a percentage 
mortality  of  9. 

Membranous  Croup — The  cases  of  this  disease,  which,  for  all  practical  purposes,  may  be 
classed  as  Diphtheritic  in  their  nature,  have  showed  a marked  diminution  in  number  as  compared 
with  the  three  preceding  years.  Only  7 cases  have  been  notified  as  against  10.  11,  and  23 
respectively  in  the  years  1896-95-94.  Only  one  of  the  7 cases  has  ended  fatally,  a percentage 
mortality  of  14,  whereas,  taking  the  statistics  for  the  whole  of  the  Administrative  County  of 
Lancaster,  the  percentage  mortality  of  cases  of  Membranous  Croup  is  from  80  to  90  in  various  years. 


Percentage  mortality  of  cases  of 
Membranous  Croup  notified. 


Year. 

/ — — 

Administrative  County 
of  Lancaster. 

HAYDOCK, 

1894 

80  

35 

1895 

90 

45 

1896 

87  

20 

1897 

83  

14 

Erysipelas. — The  cases  of  this  disease  have  only  numbered  8,  as  against  14  in  the  previous 

year. 

Scarlet  Fever. — This  disease  may  be  said  to  have  existed  in  an  epidemic  form  during  the 
whole  of  the  year,  the  periods  of  greatest  prevalence  having  been  February — March,  and  July  to 
October.  64  cases  were  notified  as  against  18,  29,  and  23  respectively  in  the  years  1896-95-94.  The 
cases,  however,  have  been  of  a very  mild  type,  only  1 having  proved  fatal,  corresponding  to  a 
mortality  of  1'6  per  cent.  During  the  whole  of  the  year  this  disease  has  been  extensively  prevailing 
at  St.  Helens,  and  with  the  free  communication  which  is  always  existing  between  Haydock  and  St. 
Helens,  conveyance  of  infection  is  continually  possible. 

From  the  tabular  statement  already  given  it  will  have  been  noted  that  more  than  two-thirds 
of  the  total  number  of  cases  occurred  in  the  West  Ward. 

The  distribution  of  the  cases  as  regards  separate  houses  was  as  follows : — 

1 case  per  house  ...  ...  ...  32 

2 cases  per  house  ..  . . ...  13 

3 cases  per  house  ...  ...  ...  3 

As  in  previous  years,  in  order  to  limit  as  much  as  possible  the  spread  of  infection,  Eucalyptus 
Disinfectant  has  been  supplied  to  all  the  notified  cases  treated  at  their  own  homes. 

The  difficulty  of  dealing  with  such  outbreaks  as  this  is  greatly  increased  by  the  extreme 
mildness  of  many  of  the  cases,  the  children  being  so  slightly  ill  that  the  cases  do  not  come 
under  medical  observation  at  all,  or  not  until  mischief  is  already  done  in  the  way  of  infection  being 
spread. 

Although  every  effort  has  been  made,  in  so  far  as  I am  concerned,  to  secure  the  removal  of  as 
many  cases  as  possible  to  the  Isolation  Hospital,  only  a small  proportion  of  the  total  number  have 
been  thus  removed.  Such  cases  as  have  been  removed  have  been  those  in  which  special  necessity 
existed,  as  in  the  cases  of  those  who  were  without  proper  lodging  or  accommodation,  or  in  cases 
occurring  among  the  families  of  shop-keepers.  When  an  epidemic  of  this  disease  has  once  become 
diffused  it  is  no  longer  possible  to  isolate  all  the  cases — as  sufficient  hospital  accommodation  does  not 
exist. 

Typhoid  Fever. — During  the  year  12  cases  of  this  disease  has  been  notified,  together  with  1 
case  of  “ Continued  Fever.”  Cases  so  described  are  most  frequently  mild  and  ill-developed  forms  of 
Typhoid  Fever,  so  that  they  may  be  classed  together  with  Typhoid  cases. 
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The  numbers  exactly  correspond  to  those  of  the  previous  year.  The  mortality,  however,  has 
been  greater,  for  whereas  only  1 case  in  the  14  died  in  1896,  in  1897,  4 cases  proved  fatal. 

6ince  the  “ Compulsory  Notification  of  Diseases  Act  ” came  into  force  in  May,  1893,  to  the  end 
of  1897,  there  have  been  notified  in  Haydock  79  cases  of  Typhoid  and  Continued  Fever,  with  a total 
mortality  of  9. — The  percentage  of  deaths  to  ca>es  being  11-4.  This  is  not  so  high  a mortality  as 
sometimes  exists,  for  it  is  stated  in  the  Annual  Report  of  the  M.<  >.H.  for  St.  Helens,  for  1896,  that 
during  the  6 years,  1891-96,  out  of  every  hundred  persons  attacked  by  this  disease  in  St.  Helens 
18-4  died.  The  recent  experience  of  Maidstone  has  shown  a percentage  mortality  of  only  7-1.  Up 
to  February  24th  of  the  current  year  there  had  been  1847  cases  and  132  Deaths.  For  these  figures  I 
am  indebted  to  the  courtesy  of  Dr.  Adams,  the  M.O.H.  for  Maidstone. 

The  4 fatal  cases  occurred  out  of  the  7 cases  notified  in  the  West  Ward. 

Except  in  some  few  of  the  cases,  where  direct  infection  appeared  possible,  from  the  existence  of 
a previous  case  of  Typhoid  in  the  same  house,  the  outbreaks  of  this  disease  have  appeared  to  be 
traceable  to  the  existence  of  local  insanitary  conditions. 

The  conditions  which  favour  the  origin  and  diffusion  of  the  special  germs,  which  are  now  known 
to  be  the  real  cause  of  Typhoid  Fever,  have  been  very  fully  dealt  with  in  several  previous  Annual 
Reports.  As  far  as  Haydock  is  concerned,  they  are  largely  associated  with  the  existence  of  defective 
privy -middens,  which  permit  soakage  of  filth  into  the  surrounding  soil. 

During  the  year  there  have  been  published  by  Dr.  Boobbyer,  the  M.O.H.  of  Nottingham,  some 
valuable  and  striking  statistics  relating  to  the  incidence  of  cases  of  Typhoid  Fever  on  houses  of 
different  classes  in  Nottingham  during  the  10  years,  1887-96.  These  are  briefly  as  follows: — 

Houses  with  Proportion  of  Cases  of  Typhoid  to  Houses. 

Privy -midden  Closets  ...  ...  ...  ...  ...  1 in  37 

Pail  Closets  ...  ...  ...  ...  ...  ...  1 in  120 

Water  Closets  ...  ...  ...  ...  ...  ...  1 in  558 

These  figures  speak  for  themselves  as  to  the  close  relation  which  exists  between  privy-middens 
and  Typhoid. 

Considerable  interest  and  attention  have  also  been  aroused  during  the  year  by  the  publication 
by  Dr.  John  Robertson  until  recently  the  M.O.H.  of  St.  Helens,  and  now  M.O.H.  of  Sheffield,  of  the 
results  of  a long  series  of  experiments  which  he  carried  on  at  St.  Helens,  as  to  the  natural 
conditions  which  favour  or  retard  the  growth  and  diffusion  of  the  Typhoid  germs  (or  Bacilli). 

The  results  were  made  known  in  his  Annual  Report  on  the  Health  of  St.  Helens  for  the  year 
1896,  and  further  explained  in  a paper  published  in  the  “ British  Medical  Journal.”  The  practical 
results  of  the  investigations  and  experiments  point  to  these  conclusions  : — 

(1)  That  Typhoid  germs  when  “ sown  ” artificially  into  dean  soil,  that  is  uncontaminated  by 
filth,  in  the  course  of  the  winter  months  do  not  retain  their  vitality,  but  die  out  “ starved.” 

(2)  That  when  similar  sowings  are  made  into  earth  soaked  with  animal  filth,  the  germs  can 
live  through  the  winter,  and  are  able  next  year,  when  the  earth  temperature  rises  high  enough,  to 
multiply  and  replenish  the  earth  with  death-dealing  microbes,  so  that  probably  an  “ area  ” once 
infected  remains  infected  from  year  to  year,  as  long  as  the  soil  is  kept  soaked  with  filth,  and 
especially  the  filth  of  human  excrement. 

This  inference  drawn  from  Dr.  Robertson’s  experiments  is  further  supported,  and,  indeed, 
rendered  certain,  by  some  experimental  work  which  has  recently  been  done  by  Professor  Deltpine, 
of  The  Owen’s  College,  Manchester.  The  circumstances  through  which  this  was  undertaken  were 
briefly  these : — 

(1) .  A number  of  cases  of  Typhoid  Fever  had  been  occurring  in  9 houses  in  one  street  in  the 
Borough  of  Eccles,  which,  Dr.  J.  H.  Crocker,  the  M.O.H.,  traced  to  the  existence  of  insanitary  privy- 
middens,  consisting  of  the  usual  pits  sunk  below  the  level  of  the  ground,  and  simply  lined  and  floored 
with  a single  thickness  of  common  bricks,  so  that  soakage  of  filth  between  lice  bricks,  and  into  the 
surrounding  earth,  was  continually  going  on. 

(2)  On  the  report  of  the  Medical  Officer  of  Health  that  these  privies  constituted  a nuisance  and 
a danger  to  the  Public  Health,  the  Sanitary  Authority  made  an  order  for  the  abolition  of  these 
privies,  and  the  substitution  of  W.C’s. 

(3)  This  was  not  complied  with,  and  the  matter  was  carried  to  the  Magistrates’  Court,  where 
the  order  of  the  Sanitary  Authority  was  upheld. 

(4)  An  Appeal  was  made  to  the  Court  of  Quarter  Sessions,  which  was  heard  on  January  12th  last. 

(5)  Up  to  this  point  the  opinion  of  the  M.O.H.  that  these  privies  were  contaminated  with 
the  special  germs  of  Typhoid,  was  founded  on  inference  only.  It  was  therefore  considered  desirable 
by  the  M.O.H.  to  secure,  if  possible,  direct  evidence.  Accordingly  some  of  the  filth  from  between  the 
bricks  of  several  of  the  privy-pits  was  collected  and  forwarded  to  Professor  Deldpine  for  examination. 
It  must  be  noted  that  the  difficulties  in  the  way  of  being  able  to  isolate  and  identify  the  Typhoid 
organisms  from  a mass  of  filth  which  contains  so  very  many  organisms  of  different  species,  are  enormous, 


11 


and  up  to  this  point  had  been  insuperable  However,  by  some  new  methods  of  research,  Prof.  Delbpine 
succeeded  in  certainly  demonstrating  the  presence  of  specific  Typhoid  germs,  thus 
obtaining  the  direct  and  positive  evidence  required. 

(6)  Now,  as  13  months  had  elapsed  since  the  last  case  of  Typhoid  had  occurred,  during  which 
time  the  privy -pits  had  been  repeatedly  cleaned  out  a.nd  disinfected  with  Chloride  of  Lime,  it  is 
obvious  that  these  germs  can  survive,  and  that  it  is  practically  impossible,  whatever  may  be 
done  to  the  contents  and  inside  of  the  privy-pit  to  get  at  and  kill  the  germs  lurking  between  the 
bricks,  and  in  the  surrounding  outside  earth. 

Chloride  of  Lime  does  effectively  destroy  the  Typhoid  germs,  when  it  can  get  at  them,  but  the 
conditions  existing  in  a test-tube  in  a Laboratory,  and  those  in  a privy -pit,  are  very  widely  different. 

The  disastrous  and  wide-spread  epidemics  of  Typhoid  during  the  year,  at  Maidstone  and 
elsewhere,  have  drawn  public  attention,  in  a marked  degree,  to  the  dangerous  possibilities  which  lie 
in  water-supplies  open  to  contamination.  But  it  must  not  be  forgotten  that  although  the  Typhoid 
germs  are  diffused  by  water,  they  are  bred  in  polluted  earth.  They  may  retain  their  vitality  in 
water  for  some  time,  but  do  not  multiply  therein  unless  the  water  be  very  impure. 

In  so  far  as  the  direct  supply  of  water  to  Haydock  from  the  Rivington  reservoirs  is  concerned, 
there  is  for  the  district  fortunate  freedom  from  suspicion  as  to  Typhoid  diffusion. 

I have  to  record  with  satisfaction  that  your  Council  have  seen  fit,  in  accordance  with  a 
recommendation  made  in  my  last  Annual  Report,  and  renewed  in  my  Monthly  Report  for  J une,  to 
authorise  me  to  enter  into  arrangements  for  securing  that  examinations  by  the  recently  discovered 
“serum-test  ” may  be  made,  at  the  public  expense,  on  behalf  of  any  Medical  Practitioner  who  may 
care  to  avail  himself  of  this  provision,  to  aid  in  the  earlier  and  more  certain  Diagnosis  of  cases  of 
suspected  Typhoid  Fever.  I have  been,  therefore,  able  to  make  arrangements  with  Professor 
Delepine,  of  The  Owen’s  College,  Manchester,  with  the  concurrence  of  the  Council  of  the  College,  by 
which  Bacteriological  Examinations,  to  aid  in  diagnosing  both  Typhoid  Fever  and  Diphtheria,  are 
placed  at  the  service  of  any  Medical  Practitioner  attending  cases  in  this  district.  In  my  last  Annual 
Report  full  explanations  of  the  nature  and  uses  of  these  tests  were  given,  which  need  not  be  here 
repeated. 

Since  the  arrangement  was  entered  into  13  examinations  have  been  made  (3  being  second 
examinations).  Of  the  7 single  examinations,  5 gave  a positive  reaction  and  2 a negative.  Of  the  3 
re-examinations,  one  at  first  gave  a “ doubtful  ” and  the  second  examination  a positive  result ; one  at 
first  gave  a negative  result  and  afterwards  a positive,  and  the  remaining  one  gave  a negative  result 
on  both  occasions. 

In  several  instances  these  examinations  have  given  most  valuable  aid  in  determining  the  nature 
of  cases  otherwise  doubtful. 

Precautions  observed  in  regard  to  prevention  of  the  spread  of  Infection. 

As  the  germs  of  infection  are  given  off  from  a Typhoid  patient  in  the  evacuations,  the  ideal 
arrangement  would  be  to  secure  the  total  destruction  of  these  by  fire.  What  has  been  aimed  at  is  as 
thorough  “ disinfection  ” as  possible. 

(1)  By  the  supply  of  “ Izal  ” with  full  directions  as  to  its  use.  (These  were  given  in  full  in 
my  Annual  Report  for  1895.) 

(2)  The  free  application  of  Chloride  of  Lime  to  the  privy-middens,  which  will  have  been 
already  infected  before  the  disease  is  fully  recognised..  However,  what  has  been  previously  said 
will  show  how  very  far  from  certain  it  is  that  the  desired  result  will  be  attained. 

Puerperal  Fever. — No  less  than  8 cases  of  this  dangerous  disease  complicating  childbirth 
have  been  notified  during  the  year,  of  which  3 have  ended  fatally.  It  would  not  be  right  to  draw 
inferences  from  the  statistics  of  only  1 yeai’,  but,  as  has  been  repeatedly  pointed  out  in  my  previous 
Annual  Reports,  the  mortality  among  mothers  from  the  dangers  incidental  to  childbirth  has  been 
very  excessive  for  a long  series  of  years.  From  Puerperal  Fever  and  Accidents  of  Childbirth  taken 
together,  the  mortality  among  mothers  in  Haydock,  during  the  year,  has  been  at  the  rate  of  13'7 
deaths  for  every  thousand  infants  born  alive.  For  the  10  preceding  years,  1887-96  the  mean 
maternal  mortality  was  9'6  per  1,000  births,  nearly  double  what  the  mean  rate  is  for  the  whole  of 
England  and  Wales.  The  exactly  corresponding  figures  cannot  be  given,  as  the  statistics  for  1897 
for  England  and  Wales  are  not  yet  available,  but  for  the  10  years,  1887-96,  the  mean  maternal 
mortality  was  5-08  per  1,000  births  for  England  and  Wales.  Until  some  legislation  is  effected  to 
ensure  that  all  those  who  undertake  to  attend  women  in  childbirth  shall  have  had  such  training  as 
shall  make  them,  as  a matter  of  routine,  take  all  the  precautions  which  are  now  known  to  be 
effectual  in  guarding  against  the  risks  of  “Septic”  infection,  and  as  shall  also  enable  them  to 
recognise  in  time  those  complications  of  Labour  which  call  for  early  skilled  interference,  this 
deplorable  and  preventible  loss  of  life  must  continue,  with  all  its  consequent  sorrow. 

Phthisis. — The  death-rate  from  this  scourge  has  been  1T3  per  thousand,  as  against  1T4  for 
the  previous  year,  and  107  the  mean  Annual  Rate  for  the  10  years,  1887-96.  These  rates  are 
considerably  below  those  for  England  and  Wales. 
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Respiratory  Diseases. — The  mortality  from  this  group  of  diseases  has  been  remarkably  low, 
only  2'38  per  thousand,  as  against  2'91  for  the  previous  year,  and  305  the  Mean  Annual  Rate  for  the 
10  years  1887-96.  These  rates  are  also  much  below  the  corresponding  figures  for  England  and 
Wales.  For  comparisons  see  table  in  Appendix. 

The  following  Table  shows  comparison  between  the  leading  Vital  Statistics  for 
Haydock  and  the  corresponding  figures  for  England  and  Wales,  (a)  For  the 
separate  quarters  of  the  year  1807,  (b)  for  the  whole  year  1897,  and  (c)  for  the 
10  years  1887-96. 


Death-rate 

Infant 

Death-rate 

from  the  seven 

Deaths 

Birth-rate. 

from  all 

Principal 

per  1,000 

causes. 

Zymotic  Diseases. 

Births. 

( 

HAYDOCK 

31-5 

18-0 

4-50 

206 

1st  Quarter -< 

( 

„ England 

30-8 

18-8 

1-54 

141 

( 

HAYDOCK 

370 

12-5 

050 

68 

2nd  Quarter  ...< 

t 

England 

29-2 

16-3 

1-36 

124 

( 

HAYDOCK 

39-0 

210 

7-00 

205 

3rd  Quarter ■< 

( 

England 

29-8 

17-8 

3-89 

218 

( 

HAYDOCK 

385 

150 

1-00 

182 

4th  Quarter ■< 

( 

England 

28-9 

17-0 

1-83 

145 

f 

HAYDOCK 

36-5 

16-9 

325 

160 

Year  1897  < 

( 

England 

29-7 

17-4 

2-15 

166 

Mean  Annual  f 

HAYDOCK 

39-9 

17-4 

322 

145 

Rates  for  the  10  < 

years  1887-1896  ( 

England 

30-7 

18-6 

2-16 

148 

The  next  Table  below  brings  together  the  separate  statistics  for  the  whole 
year  1897,  as  they  have  been  worked  out  for  the  respective  wards  of  the  Township : 


Percentage  of 

Average  No.  Infant  cases  of  Infectious 

of  persons  Zymotic  Mor-  Diseases  notified 


Wards. 

Population. 

per  acre. 

Birth-rate. 

Death-rate. 

Death-rate. 

tality. 

to  population. 

East 

2,482  . 

..  1-6  .. 

,.  32-6  .. 

. 131  ... 

2-42  ... 

123 

...  0-2 

Central ... 

2,517  . 

...  4-2  . 

..  34-2  .. 

,.  14-5  ... 

2-38  ... 

263 

...  0-9 

West 

3,001  . 

..  10-8  . 

..  40-2  .. 

. 20-6  ... 

4-66  ... 

192 

...  2-6 

Whole  Township 

8,000 

...  3-3  . 

..  36-5  ., 

,.  16-9  ... 

3-25  ... 

160 

...  1-3 

In  an  Appendix  at  the  end  are  given  a series  of  Tables  setting  forth  the  leading  Vital  Statistics 
of  Haydock  for  the  past  60  years.  These  have  been  worked  out  in  averages  for  successive  periods  of 
5 years,  as  far  as  possible.  The  figures  for  the  separate  years,  which,  from  some  points  of  view  are 
of  more  value  than  the  averages,  were  given  in  full  in  my  last  Annual  Report.  The  Appendix  also 
contains  the  Tables  “ A ” and  “ B ” required  by  the  Local  Government  Board. 

Sanitary  progress  made  and  improvements  carried  out  during  the  year. 

(1)  Your  Council  have,  on  my  recommendation,  taken  the  necessary  proceedings  to  adopt, — 

(a)  The  Infectious  Disease  (Prevention)  Act,  1890. 

(b)  The  Public  Health  Amendment  Act,  1890  (Part  III). 

(2)  Allusion  has  already  been  made  to  the  fact  that  your  Council  have  empowered  me  to  enter 
into  arrangements  for  having  “ Bacteriological  ” examinations  made,  at  the  public  expense,  to  aid 
Medical  Practitioners  in  the  diagnosis  of  Typhoid  Fever  and  Diphtheria. 

(3)  The  attempt  which  I made  for  the  first  time,  in  my  last  Annual  Report,  to  give  separate 
statistics  for  the  three  “ Wards  ” of  the  Township,  which  showed  how  unfavourably  the  West  Ward, 
compared  with  the  East  and  Central  Wards,  bore  immediate  fruit,  in  that  your  Council  on  May  6th, 
1897,  appointed  a Sub  committee  to  make  a special  investigation  into  the  sanitary  conditions  of  the 
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West  Ward.  This  Sub-committee,  in  conjunction  with  the  Sanitary  Inspector,  made  a thorough 
inspection  of  almost  every  dwelling-house  in  the  Ward,  and,  in  consequence  of  their  report,  66 
notices  to  abate  nuisances,  caused  by  defective  drainage,  &c.,  were  served.  The  Sub-committee  also 
found  that  in  many  cases  the  closet  accommodation  was  very  inadequate,  and  in  these  cases  the 
owners  of  the  property  were  asked  to  meet  the  iSub-committee  with  a view  to  arranging  for  new 
ones  to  be  built. 

As  the  result  of  this,  34  additional  closets  have  been  erected,  17  have  been  rebuilt  according  to 
the  improved  construction  now  enforced,  and  10  have  been  repaired,  and  efforts  are  still  being  made 
to  secure  further  improvement  in  this  direction. 

No  legal  proceedings  have  as  yet  been  found  necessary  to  enforce  the  carrying  out  of  this  work. 

In  addition  to  the  work  thus  detailed,  very  many  smaller  matters  have  been  dealt  with,  so  that 
by  the  work  of  the  Sub-committee  the  sanitary  condition  of  the  West  Ward  has  been  very  greatly 
improved. 

(4)  In  accordance  with  the  provisions  of  the  “ Housing  of  the  Working-classes  Act  ” of  1890,  I 
made,  at  the  request  of  your  Council,  inspections  of  4 dwelling-houses  in  the  West  Ward,  and 
reported  thereon.  Notices  were  accordingly  served  on  the  property -owners  for  “closing  orders.”  In 
three  of  these  instances  the  respective  owners  at  once  proceeded  to  improve  the  sanitary  conditions 
of  their  houses,  and  in  the  remaining  case  the  matter  still  remains  under  the  consideration  of  your 
Council. 

(5)  Improvements  in  Drainage. 

The  following  lengths  of  open  sewers  have  been  replaced  by  drain-pipes  : — 

79  yards  near  Old  Boston  Colliery, 

85  yards  near  Clipsley  Row. 

Both  these  lengths  of  piping  fill  up  gaps  in  pre-existing  sewers. 

A new  9-inch  sewer  has  been  laid  in  Haydock  Lane  (the  necessity  of  which  was  pointed  out  in 
my  last  Annual  Report). 

Its  length  is  355  yards.  It  was  constructed  to  receive  (at  present)  the  sewage  from  40  houses 
in  the  Lane,  which  formerly  was  discharged  into  an  open  ditch  within  a very  short  distance  of  some  of  the 
houses.  Its  mean  gradient  is  1 in  82,  and  the  discharging  capacity,  calculated  from  the  mean 
gradient,  is  720  gallons  per  minute,  or  thereabouts.  This  is  considered  sufficient  for  all  future 
requirements. 

There  are  4 man-holes  along  the  sewer  and  it  is  therefore  easy  of  inspection. 

(6)  Paving. — About  a quarter  of  a mile  of  footpath  in  Blackbrook  Road  has  been  tiled,  and  a 
short  length  flagged,  and  in  Clipsley  Lane  a length  of  about  525  yards  of  footpath  has  been  flagged 
for  1 yard  in  width. 

For  many  of  the  above  particulars  I am  indebted  to  Mr,  L.  I).  Thompson,  the  clerk  and  surveyor 
to  your  Council,  whose  willing  help  and  co-operation  I have  to  gratefully  recognise. 

Sanitary  Inspection  during  the  year. 

Mr.  John  Baines,  the  Inspector  of  Nuisances,  has  furnished  me  with  the  following  list  of  notices 
to  abate  nuisances  served  during  the  year  : — 


Defective  Drainage  ...  ...  ...  56 

Insufficient  Closet  Accommodation  ...  17 

Defective  Ashpits  ...  ...  ...  27 

Smoke  Nuisance  ...  ...  ...  2 

Insanitary  Pig-stye  ...  ...  ...  I 


Total  ...  ...  103 


House-fumigations  after  Infectious  Diseases,  23,  after  which  notices  have  been  served  on  the 
owners  to  have  the  premises  cleaned  and  lime-washed. 

Slaughter-houses. 

No.  1. — Good  drainage,  very  clean,  no  refuse  about. 

No.  2. — Good  drainage,  very  clean,  no  refuse  about. 

No.  3 1 Not  now  in  use  as  the  occupiers  procure  their  meat  from  the 
No.  4.  j Abbatoir  at  St.  Helens. 


Bake-houses. 
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No.  1. — Water  supply  and  drainage  good.  Floor  not  clean.  Amendment  promised. 
No.  2. — Water  supply  and  drainage  good.  Required  lime-washing. 

No.  3.  \ 

No!  s!  [-Satisfactor.y- 

No!  6! ) 

No.  7. — Required  lime-washing,  which  was  promised  to  be  attended  to. 


Cowsheds. — Detailed  Inspection. 


Capacity  Number 

* Av’age 

Condition 

Condition 

in  cubic 

of 

cubic  space  How 

of 

Water 

of 

General 

feet. 

Cows. 

for  each. 

lighted. 

ventilation. 

supply. 

drainage. 

remarks. 

No.  1. 

...  1,190 

...  2 .. 

. 595  ... 

window 

...  good  . 

. well  ... 

fnot  satisfactory 

J dairy  and  utensils 
“ ( clean  and  sweet. 

• • • 99 

No.  2. 

...28,400 

...33  .. 

. 860  ... 

>> 

• • • ),  • 

• 99  • • • 

good 

No.  3. 

...21,020 

...32  .. 

. 657  ... 

9) 

...  „ Rivington 

99 

• • • 99 

No.  4. 

...  4,900 

...  8 .. 

. 612  ... 

99 

• • • J)  • 

• 99  • • • 

99 

...  yy 

No.  5. 

...  2,400 

...  7 .. 

. 342  ... 

99 

...  ji  • 

• 99  • • • 

99 

• • • „ 

No.  6. 

...  7,200 

...20  .. 

. 360  ... 

» 

• • • „ • . 

• •)  • • 

99 

• • • 99 

No.  7. 

...  5,400 

...14  .. 

. 389  ... 

99 

• • • 99 

• 99  • • • 

fnot  satisfactory 

• • • )> 

No.  8. 

...  3,730 

...  8 .. 

. 466  ... 

99 

• • • » • • 

• 99  • • • 

fnot  satisfactory 

• • • 99 

No.  9. 

...  2,600 

...  9 .. 

. 289  ... 

99 

• • • jj  • • 

. jj  • • • 

good 

• • • » 

No.  10 

...  2,500 

...  6 .. 

. 416  ... 

99 

• • • 99  • • 

• » ■ • • 

99 

• • • yy 

No.  11 

...  1,230 

...  5 . 

. 246  .. 

no  light 

..  moderate 

..  well  ... 

99 

• • • J) 

No.  12 

...  7,130 

...16  . 

. 445  .. 

window 

...  good.. 

Rivington 

99 

• • • 99 

No.  13 

...  3,920 

...10  . 

. 392  ... 

2 windows...  „ 

; jj  • • • 

99 

...  yy 

* According  to  the  Regulations  made  by  the  Haydock  Local  Board,  under  the  “ Dairies,  Cowsheds,  and 
Milkshops  Order  of  1885,”  dated  April  30th,  1888,  the  cubic  space  for  each  cow  should  not  be  less  than 
800  cubic  feet. 

t In  these  cases  notices  have  been  served  on  the  agent  of  Lord  Newton,  the  owner  of  the  property. 

Water  Supply.— Except  in  the  event  of  a “breakdown,”  the  water  supply  is  direct  and 
constant  from  the  Rivington  main-pipe,  belonging  the  Liverpool  Corporation. 

The  following  is  a tabular  statement  of  the  interruptions  of  the  direct  supply  which  have 
occurred  during  the  year  1897. 


DATES. 

When  shut  off.  When  turned  on. 

How 

long 

How  District  supplied 

r 

1897. 

X 

' 11 A 

off. 

HOURS. 

whilst  direct  supply 
shut  off. 

Jan.  12 

• • • 

Jan.  13 

26 

F rom  covered  Reservoir  (a) 

Jan.  30 

Feb.  2 

69J 

From  (a)  and  from  North 

M’ch.  8 

M’ch.  9 

25 

Florida  Open  Reservoir  (b) 
From  (a) 

M’ch.  15 

• • • 

M’ch.  15 

From  (a) 

April  7 

... 

April  8 

24 

From  (a) 

April  9 

... 

April  13 

72 

From  (a)  and  (b) 

May  10 

... 

May  11 

24 

From  (a) 

May  24 

... 

May  25 

10 

From  (b) 

May  25 

... 

May  26 

18 

From  (b) 

May  26 

... 

May  27 

12 

From  (b) 

May  27 

... 

May  28 

18 

From  (b) 

May  29 

... 

May  30 

17 

From  (b) 

May  30 

• •• 

June  1 

13| 

From  (b) 

June  24 

• • • 

June  28 

90 

From  (a)  and  (b) 

July  29 

July  30 

24 

From  (a) 

Oct.  29 

• • • 

Oct.  30 

24 

From  (a) 

Dec.  13 

• • • 

Dec.  14 

24 

From  (a) 

Dec.  17 

• • • 

Dec.  19 

48 

From  (a) 

15 


Consumption  of  Water  during  1897. 


The  quantity  actually  paid  for  by  Meter  was 
Deduct  quantity  run  into  North  Florida  Reservoir, 
and  still  remaining  therein 

Remainder  ... 

Deduct  quantity  used  for  road-watering  and  steam-rollingroads... 
Remainder  ... 


20.387.000  gallons. 

2,300,000  gallons. 

18.087.000  gallons. 
270,000  gallons. 

17.817.000  gallons. 


Domestic  Purposes  Consumption 


1 


17,817,000 


( 365 


Estimated  population 


8,000,  therefore 


i 


48,814 


( 8,000 


= 48,814  gallons  per  day. 

= 6T  gallons  per  head  per  day. 


The  quantity  of  water  supplied  to  Messrs.  Richd.  Evans  and  Co.,  Limited,  has  not  been  taken 
into  account,  as  it  was  drawn  from  the  supply  in  North  Florida  Reservoir  prior  to  1897. 

The  quantity  of  6T  gallons  per  head  per  day  would  rather  over-estimate  what  is  used  strictly 
for  domestic  purposes  as  most  of  the  Farms  are  supplied  from  the  public  mains,  and,  as  all  the  water 
used  is  measured  by  one  meter,  it  is  impossible  to  get  a nearer  approximation  However,  even 
allowing  the  whole  6T  gallons  per  day  for  domestic  purposes,  the  quantity  is  comparatively  very 
small,  and  is  the  lowest  of  12  neighbouring  Urban  Sanitary  Districts.  (For  these  particulars  I am 
indebted  to  Mr.  Thompson.) 

At  the  request  of  your  Council  I have  drawn  up  a Special  .Report  on  the  water-supply  of  the 
district  with  particular  reference  to  the  use  of  the  “North  Florida”  Reservoir,  with  accompanying 
tables  of  analyses.  This  is  printed  in  full  at  the  end  of  this  Report  and  need  not  be  further 
referred  to  at  this  point. 


Recommendations  as  to  the  lines  on  which  further  improvements  in  the 
Sanitary  conditions  of  Haydock  may  be  made. 

(1) .  Water  Supply — It  is  greatly  to  be  desired  that  some  provision  shall  be  made  which  will 
do  away  altogether  with  the  necessity  for  at  any  time  drawing  the  public  supply  from  the  North 
Florida  Reservoir. 

(2) .  Drainage. — Sooner  or  later  the  work  will  have  to  be  undertaken  of  providing  the 
district  with  a S)  stem  of  main  sewers,  with  adequate  arrangements  at  the  outfall  to  prevent 
the  fouling  of  water-courses. 

(3) .  Disposal  of  Excreta.— It  is  a universal  “ Law  of  Nature  ” that  all  living  organisms  are 
poisoned  by  their  own  excretions,  or  waste-matters.  Therefore  Nature  teaches  that  as  regards 
Human  beings,  their  Excreta  should  be  removed  quickly  and  removed  far.  A very  simple  principle, 
but  one  very  difficult  to  carry  into  effect  in  large  communities.  When  once  a proper  system  of 
sewers  is  provided  it  will  be  possible  to  substitute  for  the  existing  privy-middens  some  form 
of  the  “ Water-carriage  ” system  of  removing  excreta. 

(4) .  Paving. — It  is  desirable  that  the  work  already  commenced  of  paving  the  public  foot- 
paths should  be  continued.  This  is  a matter  affecting  the  Public  Health  very  considerably. 

(1) .  With  flagged  foot-paths  there  is  less  mud  in  winter.  People’s  feet  are  kept  drier,  and 
it  is  difficult  to  exaggerate  the  harm  done  to  health  by  wet  feet. 

(2) .  In  the  summer  there  is  less  dust  and  therefore  less  diffusion  of  disease. 

(3) .  There  is  also  protection  against  the  emanation  of  noxious  effluvia  or  particles 
from  the  earth. 

In  regard  to  these  matters,  however,  as  in  the  sphere  of  Religion  and  Morals,  it  is  so  easy  to 
point  out  the  way,  and  so  difficult  to  follow  it ! 

All  these  things,  which  are  so  desirable  for  promoting  the  public  well-being,  unfortunately, 
would  cost  a great  deal  of  money,  and  the  question  may  be  asked,  is  any  advantage  to  be  gained  by 
the  expenditure  ? In  answering  this  question  I cannot  do  better  than  quote  some  exceedingly  able 
and  appropriate  remarks  recently  made  by  the  Duke  of  Devonshire,  in  a speech  delivered  in  his 
capacity  as  Chairman  of  the  Bakewell  Board  of  Guardians  : — 

“ He  believed  that  it  was  now  clearly  recognised  that  a large  part  of  the  disease — preventible 
disease — which  existed  in  the  country  was  due  to  two  causes,  viz  : — imperfect  drainage  arrangements, 
and  defective  water-supplies.  Whatever  they  might  have  been  content  with  in  times  past,  public 
opinion  would  not  now  allow  the  health  of  the  people  to  suffer  from  any  negligence  in  these  respects. 
It  was  not  merely  a question  of  consideration  of  life  or  health,  paramount  as  those  considerations  might 
be.  It  might  be  that  proper  and  effective  dealing  with  these  matters  would  in  the  end  be  a question 
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of  Economy.  lie  believed  no  cause  was  more  clearly  connected  with  the  increase  of  poverty  and 
pauperism  than  sickness.  A great  number  of  cases  might  be  found  to  have  their  origin  in  diseases 
which  Medical  Science  now  showed  might,  to  a certain  extent,  have  been  prevented.  Although  the 
expenditure  which  we  might  be  called  upon  to  incur  in  rendeiing  our  villages  and  hamlets  healthy 
and  sanitary  might  appear,  in  the  first  instance,  to  be  a too-burdensome  expense,  it  might  be  that 
in  the  end  they  would  find  in  the  improved  health  of  the  people,  and  in  the  consequent  diminution 
of  pauperism,  some  relief  from  the  expenditure  involved.” 

It  may  scarcely  be  considered  to  be  within  the  province  of  a Medical  Officer  of  Health  to  discuss 
the  question  as  to  how  the  money  is  to  be  found  for  carrying  out  the  improvements  in  sanitary 
conditions  which  he  feels  called  upon  to  recommend  as  desirable  and  necessary.  However,  as  an 
individual  citizen,  he  may  be  allowed  to  think  about  the  matter  and  to  express  his  views.  It  may 
seem  merely  visionary  to  reflect  what  might  be  done  if  it  were  not  necessary  to  appropriate  so  large 
a proportion  of  the  resources  of  the  nation  in  providing  naval  am  l military  means  of  defence ; but 
surely  it  may  be  practicable  to  devise  some  “ just  and  equal  ” plan  of  re-arranging  the  burden  of 
local  taxation.  There  are,  of  course,  three  classes  of  the  community  to  be  considered : — 

(1) .  The  Occupiers  and  Tenants  of  the  Dwellinghouses.  These  may  reasonably 
be  expected  to  pay  their  fair  share  for  the  sanitary  conveniences  and  necessaries  which  they  ought 
to  have,  and  it  would  appear  to  be  most  equitable  that  those,  in  whose  hands  the  power  is  vested  of 
choosing  representatives  to  carry  on  the  Local  Self-government  of  the  community,  should  be  taxed 
directly,  so  that  if  a householder  votes  for  the  carrying  out  of  a new  scheme,  his  proportion  of  the 
cost  of  which  is  only  one  penny,  he  should  himself  pay  that  penny.  With  the  general  diffusion  of 
knowledge  in  respect  of  sanitary  matters  which  may  be  looked  for,  each  man  would  be  willing  to 
bear  his  own  share  of  the  cost  of  what  he  knew  to  be  necessary  for  his  own  well-being  and  that  of 
others. 

(2)  The  so-called  owners  of  property  who,  in  consideration  of  paying  a yearly  ground-rent, 
have  the  privilege  of  erecting  houses  on  the  land,  may  also  be  expected  to  bear  their  fair  share  of  the 
burden. 

(3)  Lastly,  those  who  receive  the  “ground-rents”  and  “mining-royalties” 

should  surely  pay  some  just  proportion  of  the  Local  Taxation. 

It  is  at  least  possible  that  some  intelligent  tourist,  from  another  planet,  might  consider  the 
existing  arrangements  in  this  respect  somewhat  anomalous  and  difficult  to  comprehend. 

I have  the  honour  to  be,  Sir, 

Your  Obedient  Servant, 

T.  E.  HAYWARD,  M.B,  (Lond.), 

Medical  Officer  of  Health. 


Special  Report  to  the  Haydoek  Urban  District  Council  by  the 
Medical  Officer  of  Health  on  the  Water  Supply  of  the 
District  with  particular  reference  to  the  use  of  the  North 
Florida  Reservoir. 


13th  October,  1897. 

To  the  Chairman  of  the  Haydoek  Urban  District  Council. 

Sir, — The  Report  recently  presented  to  your  Council  by  the  Sub-Committee  of  the  Council, 
appointed  to  deal  with  the  question  of  the  Water  Supply  of  the  township,  concludes  with  a 
recommendation  that  “the  Medical  Officer  of  Health  for  the  District  be  invited  to  submit  his 
opinion  on  what  has  already  been  done  by  the  Sub-Committee,  and  also  on  their  recommendations  as 
to  the  future  use  of  the  North  Florida  Reservoir.” 

A request  having  been  conveyed  to  me  by  your  Council  in  accordance  with  the  recommendation 
of  the  Sub-Committee,  I am  proceeding  in  this  communication  to  give  the  desired  expression  of 
opinion. 

I would  wish  in  the  first  place  to  remark  that  it  is  evident  from  the  exhaustive  and  careful 
report  which  has  been  drawn  up  by  the  Sub-Committee  that  they  have  spent  a great  deal  of  time  and 
trouble  in  considering  the  matter  from  every  point  of  view,  for  which  they  have  earned  and  doubtless 
have  received,  the  best  thanks  of  the  Council. 
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While  I fully  recognise  the  necessity  laid  upon  the  Sub-Committee  for  giving  large  consideration 
to  questions  of  “ ways  and  means,”  and  financial  difficulties,  indeed  as  an  individual  ratepayer  being 
not  wholly  without  interest  myself  in  such  an  aspect  of  the  case,  it  will  be  evident  to  your  Council, 
that  as  Medical  Officer  of  Health,  I have  to  Icok  at  the  matter  'primarily  from  the  point  of  view  of 
what  is  best  for  the  Public  Health,  and  that  I should  be  justly  deserving  of  censure  if  I allowed  any 
other  consideration  to  influence  me  in  my  official  utterances. 

I note  that  one  chief  point  to  which  the  Sub-Committee  have  directed  their  attention  has  been 
whether  by  any  means  the  present  open  reservoir  (North  Florida)  could  still  be  used  with  sajety  as  a 
means  of  holding  sufficient  water  as  a reserve  for  14  or  15  days’  supply. 

After  having  had  the  reservoir  emptied  and  thoroughly  cleaned  out,  I also  note  that  the  Sub- 
Committee  have  decided  to  make  the  following  recommendations — 

1.  “ That  the  North  Florida  Reservoir  shall  in  future  be  used  for  the  reserve  supply  of  water  for 
the  township  (that  is,  when  the  direct  supply  from  Rivington  is  cut  off  through  some  breakdown  in 
the  main  pipes). 

2.  “ That  it  shall  not  contain  more  than  14  or  15  days’  supply,  and  that  part  of  the  water  shall 
be  run  out  and  fresh  water  from  Rivington  put  in  every  day,  and  that  about  once  each  month  the 
reservoir  shall  be  almost  run  dry,  so  that  the  water  will  always  be  kept  fresh. 

3.  “ That  no  nightsoil  shall  be  supplied  in  future  for  manuring  any  of  the  land  which  joins 
the  reservoir  fence  on  any  side. 

4.  “ That  an  analysis  be  taken  as  early  as  convenient  of  the  water  now  in  the  open  reservoir, 
and  that  the  water  shall  be  analyzed  in  future  at  least  every  six  months,” 

On  several  occasions,  and  most  fully  in  my  Annual  Report  for  1895,  it  will  be  within  the  know- 
ledge of  your  Council  that  I have  given  expression  to  the  opinion  that  the  reservoir  in  question  is 
not  fit  for  storing  water  for  a Public  supply,  the  reasons  for  this  being  briefly  : — 

1.  That  filtered  water  stored  in  an  open  reservoir  very  rapidly,  that  is  even  in  the  course  of  a 
few  days,  undergoes  deterioration  by  the  growth  therein  of  minute  vegetable  organisms,  aud  that  the 
use  of  such  water  has  been  repeatedly  found  to  be  detrimental  to  health  by  causing  Diarrhoea,  &c. 

2.  That  the  surroundings  of  this  reservoir  are  such  as  to  not  entirely  exclude  the  possibility  of 
the  water  contained  in  it  being  sometime  or  other  contaminated  by  the  germs  of  special  Diseases, 
more  particularly  Typhoid  Fever  and  Cholera. 

In  order  to  show  that  1 have  not  given  merely  unsupported  opinions  of  my  own,  I may  state 
that  two  years  ago  when  preparing  the  materials  for  the  Annual  Report  already  alluded  to,  I made 
enquries  in  various  quarters,  and  I may  quote  the  following  extracts  from  a private  letter  received 
from  the  Water  Engineer  to  a large  City : — “ For  your  own  personal  information  I have  no  objection 
to  confirming  your  opinion  as  to  the  undesirability  of  storing  water,  and.  especially  Altered  water,  in 
a shallow  open  reservoir,  such  as  you  have  at  Haydock.  Water  so  stored  is  certain  to  be  injuriously 
affected  by  the  growth  and  decay  of  animal  and  vegetable  organisms,  and  there  is  a large  mass  of 
evidence,  both  from  chemical  and  microscopical  examinations  as  to  the  rapid  deterioration  which 
takes  place  in  the  quality  of  water  in  shallow  open  tanks.  It  has  been  shown  that  the  high 
temperature  which  obtains  in  summer  through  the  exposure  of  water  under  such  conditions,  has  had 
an  appreciable  effect  upon  death  rates.  As  far  back  as  1852  the  danger  of  storing  filtered  water  in 
open  reservoirs  led  to  the  passing  of  the  Metropolis  Water  Act,  under  which  the  London  Water 
Companies  are  forbidden  to  use  open  storage  reservoirs  within  five  miles  of  fct.  Paul’s,  and  these 
reservoirs  are  usually  from  15  to  20  feet  in  depth,  and  the  water  is  daily  renewed. 

“ Subject  to  these  observations  I agree  with  what  you  propose  to  say,  and  I think  you  are  only 
fulfilling  your  duty  as  responsible  Medical  Officer  of  Health  for  the  district  in  recommending  the 
construction  of  a covered  reservoir,  which  will  keep  the  water  pure  and  cool  in  the  summer,  and 
prevent  freezing  in  the  winter.” 

I had  also  the  full  concurrence  of  Dr.  John  Robertson,  the  late  M.O.H.  of  St,  Helens,  in  the 
opinions  which  I expressed  regarding  the  reservoir  in  question.  He  also  said  that  the  water  from 
this  reservoir,  ought,  if  used  at  all,  to  be  passed  through  proper  filter-beds  before  distribution,  and 
that,  even  thus,  only  the  suspended,  impurities  would  be  removed,  leaving  those  in  solution  untouched. 

I am  not  quite  clear  from  the  Sub-Committee’s  Report  whether  it  is  proposed  to  distribute  the 
whole  supply  of  water  to  the  township  by  passing  it  first  of  all  through  this  reservoir,  or  whether 
only  a portion  of  the  daily  supply  is  to  be  drawn  from  this  source.  But  even  if  it  be  only  the 
latter,  what  is  being  proposed  to  be  done  will  have  the  effect  of  always  deteriorating  the  quality  of 
the  water  supply,  for  even  under  the  proposed  arrangements  the  water  in  the  reservoir  will  not  be 
kept  “ fresh.” 

These  observations  would  apply  to  any  and  every  open  reservoir  even  if  it  were  made  of  marble 
sides  and  bottom. 

As  in  any  case  this  open  reservoir  must  be  used  for  some  time  to  come ; it  has  been  a good  thing 
that  the  Sub-Committee  have  had  it  cleared  out.  I might  also  suggest  the  desirability  of  having  the 
reservoir  surrounded  by  such  a fence  as  will  effectually  prevent  dogs  swimming  in  it. 
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While  the  recommendation  that  no  more  privy-midden  manure  be  supplied  to  the  farmers  for 
use  on  land  adjacent  to  the  reservoir  is  a most  wise  and  necessary  one,  may  I ask  whether  your 
Council  have  any  such  control  over  the  farmers  who  occupy  this  land  as  to  prevent  them  from  using 
such  manure  from  whatever  source  obtained  ? 

I have  to  express  approval  of  the  recommendation  made  that  the  water  in  this  reser  voir  shall  be 
periodically  analysed.  With  as  little  delay  as  possible  I will  proceed  to  get  the  first  analysis  made. 
At  the  same  time,  there  is  no  reason  to  anticipate  that  any  other  light  will  be  thus  thrown  on  the 
subject,  the  water  will  be  found  to  have  some  organic  impurity  of  vegetable  origin,  and  to  have  the 
number  of  microbes  in  it  enormously  increased. 

I cannot  concur  with  the  recommendation  that  part  of  the  water  supply  of  the  Township  be 
daily  drawn  from  this  reservoir.  It  is  better,  I think,  to  get  perfectly  pure  water  every  day  that  it 
is  possible  to  get  it. 

I am  unable  to  bring  forward  any  figures  by  which  disease  and  death  can  be  demonstrated  to 
have  been  actually  due  to  the  use  of  the  water  from  this  reservoir  during  specific  periods.  Many 
years  may  go  by  in  the  future  as  they  have  done  in  the  past,  without  such  evidence  being  forth- 
coming, but  I need  only  allude  to  the  outbreak  of  Typhoid  Fever  now  raging  at  Maidstone  to  show 
the  danger  of  having  any  weak  point  in  the  public  water  supply. 

I have  the  honour  to  be,  Sir, 

Your  faithful  Servant, 

T.  E.  HAYWARD,  M.B., 

. Medical  Officer  of  Health. 


Continuation  of  Report  under  date  of  6th  January,  1898. 


To  the  Chairman  of  the  Haydock  Urban  District  Council. 

Sir, — In  accordance  with  the  instructions  of  your  Council  I have  caused  analyses  to  be  made  : 

1.  Of  a sample  of  water  taken  from  the  open  storage  reservoir,  known  as  the  “ .North  Florida.” 

2.  Of  a sample  of  water  taken  from  the  covered  reservoir  in  Millfield  Lane,  obtained  at  the  end 
of  the  maximum  period  (about  one  month)  during  which  water  is  stored  in  this  reservoir,  before 
being  distributed  and  the  reservoir  refilled. 

The  Analyses  were  made  by  Dr.  F.  Drew  Harris,  Medical  Officer  of  Health  and  Public  Analyst 
for  the  County-Borough  of  St.  Helens.  His  reports  are  as  follows : — 

Public  Analyst’s  Laboratory, 

Town  Hall,  St.  Helens. 

1.  Analysis  of  sample  of  water  labelled  “ North  Florida  Open  Reservoir  ” taken  (by  Dr. 
Hayward)  on  10/18/97. 

(Note.  Samples  had  been  taken  at  an  earlier  date,  but  at  the  desire  of  Dr.  Harris  additional 
samples  were  taken  so  that  some  of  the  processes  might  be  repeated.  T.E.H.). 

I have  analysed  the  above  sample  of  water  with  results  which  are  tabulated  below : — 

Parts  per  100,000. 


Total  Solids  18-1 

Loss  on  ignition  (no  blackening)  4-3 

Chlorides 1'4 

Free  Ammonia  *01 

Albuminiod  Ammonia  -018 

Oxygen  absorbed  in  15  minutes -05 

Oxygen  absorbed  in  3 hours  -114 

Nitrates  ...  ...  •••  •••  •••  •••  a trace 

Hardness 3-9  degrees. 


I have  also  submitted  the  sample  to  bacteriological  examination  with  the  following  result : — 

Plate  cultures  were  inoculated  on  December  10th  and  counted  on  December  13th.  I found  there 
were  412  colonies  per  C.C.,  5 of  which  were  large  liquefying  ones,  while  5 were  small  liquefying  ones, 
and  only  one  mould  was  present.  No  colony  indicating  suspicion  of  sewage  contamination  was  to  be 
found.  The  water  is  turbid  and  milky  in  appearance.  It  contains  broken  down  vegetable  matter, 
alwse,  etc.,  and  from  the  above  analysis  I am  of  opinion  that  there  is  a large  amount  of  contamination 
wfth  organic  vegetable  matter.  It  does  not  appear  to  be  a water  which  can  be  used  with  safety  for 
domestic  purposes. 
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2.  Analysis  of  sample  of  'water  labelled  “ Midfield  Lane  Covered  Reservoir ,”  taken  (by  Dr. 
Hayward)  on  10/12197. 

I have  submitted  the  above  sample  of  water  to  analysis  with  the  following  results  . — 


Total  solids 

Loss  on  ignition  (no  blackening) 

Chlorides 

Free  ammonia  .. 

Albuminoid  ammonia 

Oxygen  absorbed  in  15  minutes 

Oxygen  absorbed  in  3 hours... 

Nitrates 

Hardness 


Parts  per  100,000 

11 

2T 

11 

•005 

•013 

•08 

•16 

N one. 

. ..  3‘9  deg. 


I have  also  submitted  this  water  to  bacteriological  examination  with  the  following  result : — 
Plate  cultures  were  inoculated  on  December  10th  and  counted  on  December  13th.  I found  that 
there  were  137  colonies  per  C.C.  of  which  4 were  small  liquefying  ones ; 4 moulds  were  also  present. 
No  suspicious  colonies  could  be  detected.  The  water  is  clear,  and  on  microscopical  examination  shows 
a very  small  amount  of  suspended  matter,  consisting  of  algae  and  fibres.  I am  of  opinion  that  it  is  a 
water  well  suited  for  domestic  purposes.  (Signed)  F.  Drew  Harris,  M.B.  (Lond.)  D.P.H. 


ACCOMPANYING  LETTER. 

“ Dear  Dr.  Hayward, — I enclose  my  report  on  the  two  samples  of  water  submitted  to  me  by  you. 
You  will  see  that  in  the  open  reservoir  there  was  a fairly  considerable  amount  of  vegetable 
contamination  which,  taken  in  conjunction  with  the  fact  that  this  reservoir  has  been  so  recently 
cleaned  out,  is  of  rather  serious  import.  The  covered  reservoir  also  shows  a somewhat  high  figure  for 
albuminoid  ammonia,  but  otherwise  the  analysis  is  quite  satisfactory.  Possibly  if  this  reservoir  were 
also  cleaned  out  it  would  be  of  advantage. — I am,  etc.,  F.  Drew  Harris.” 

Remarks. 

The  analyses  above  given  confirm  the  opinions  which  I expressed  to  your  Council  2 years  ago,  based 
on  analyses  then  made  for  me  (for  my  private  information)  by  Dr.  John  Robertson,  at  that  time 
M.O.H.  of  St.  Helens,  now  M.O.H.  of  Sheffield. 

1.  That  the  Rivington  Water  which  enters  the  North  Florida  Reservoir  in  a high  state  of 
purity,  very  rapidly,  by  detention  therein,  undergoes  a process  of  deterioration  by  the  growth  of 
vegetable  organisms. 

2.  That  the  same  Rivington  Water  by  storage  for  a month  in  the  Millfield  Lane  Covered 
Reservoir  remains  comparatively  little  affected. 

I may  also  state  that  Dr.  Sergeant,  the  County  Medical  officer  of  Health,  on  the  occasion  of  a 
private  visit  to  me  on  December  18th  last,  took  advantage  of  the  opportunity  to  inspect  the  North 
Florida  Open  Reservoir,  and  that  he  most  emphatically  expressed  condemnation  of  this  Reservoir  as 
being  most  unsuitable  and  dangerous  as  a place  for  storing  a public  Water  supply.  He  pointed  out,  that 
not  only  was  the  appearance  of  the  water  sufficient  to  condemn  it,  as  being  obviously  loaded  with 
vegetable  impurity,  but  that,  in  confirmation  of  what  I have  myself  repeatedly  drawn  attention  to,  the 
practice  of  manuring  the  adjoining  fields,  with  privy-midden  refuse,  which  lies  for  weeks  before 
being  ploughed  in,  gives  facilities  for  contaminated  dust  being  blown  by  the  wind  into  the  Reservoir. 

I have  the  honour  to  be,  Sir, 

Your  Obedient  Servant, 

T.  E.  HAYWARD,  M.B.  (Lond.), 

Medical  Officer  of  Health. 


The  following  extract  may  be  quoted  from  the  last  quarterly  report  of  Dr.  Edward  Sergeant, 
the  County  Medical  Officer  of  Health,  to  the  Public  Health  Committee  of  the  Lancashire  County 
County  Council,  dated  January  20th,  1898  : — 

“ When  inspecting  the  District  of  Haydock,  I called  the  attention  of  the  officials  of  the  Council 
to  the  objectionable  character  of  the  water  stored  in  the  North  Florida  reservoir.  This  water  is 
occasionally  used  during  the  temporary  discontinuance  of  the  main  supply  from  Rivington,  and  as 
its  renewal  is  infrequent,  it  becomes  loaded  with  vegetable  organisms,  &c.,  and  therefore  undesirable 
for  drinking  purposes.  A small  covered  reservoir  which  could  be  frequently  cleansed  would  more 
suitably  provide  for  the  wants  of  the  district,  and  be  free  from  the  dangers  of  the  present  reservoir.” 
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Appendix  giving  Results  of  other  Analyses. 


1.  Analysis  of  Sample  of  Water  taken  from  the  North  Florida  Open  Reservoir  (by  Dr. 
Hayward)  on  26111195,  made  by  Dr.  John  Robertson. 


Total  solids 
Loss  on  ignition 
Chlorine 

Nitrates  and  Nitrites 
Free  Ammonia 
Albuminoid  Ammonia 


Parts  per  100,000. 

15-7 

13-6 

1-4 

traces 

•006 

•018 


Sample  contains  an  amount  of  suspended  matter  which  can  be  easily  seen,  and  which  when 
examined  under  the  microscope  appears  to  consist  of  broken  down  vegetable  matter,  also  a few 
round  bodies,  probably  pollen  or  the  spores  of  Ferns,  &c. 

The  amount  of  organic  matter  is  probably  due  entirely  to  this  vegetable  debris,  algae,  &c.  But 
for  this  the  water  appears  to  be  a very  good  one. 

All  open  reservoirs  are  liable  to  vegetable  growth,  which  is  certainly  objectionable,  and  appears 
often  to  produce  digestive  disturbance. 

The  Bacteriological  examination  showed  the  presence  of  over  1,100,000  organisms  per  C.C.  This 
number  is  probably  too  high  owing  to  the  fact  that  the  sample  was  not  placed  in  ice  while  in  transit 
to  the  Laboratory. 

[Note. — The  sample  was  delivered  at  the  Laboratory  by  special  appointment  immediately  after 
collecting.  The  transit  would  not  take  more  than  half-an-hour. — T.  E.  H.]. 

II.  — Bacteriological  Examination  of  Haydock  Tap  Water,  collected  October  15th,  1896,  at  10 
a.m.,  at  Dr.  Hayward’s  Consulting  Room  tap,  made  by  Dr.  John  Robertson.  (Note. — At  this  date 
the  supply  was  direct  from  Rivington. — T.  E.  H.). 

PILL 

Plates  were  poured  on  the  spot,  ordinary  wetrient  gelatine  alone  being  used. 

They  were  incubated  at  room  temperature,  and  counted  on  October  23rd. 

Very  uniform  results  were  obtained,  showing  that  the  average  number  of  organisms  in  each 
cubic  centi-metre  of  water  was  76.  Of  this  number  there  were  of  liquefying  ones,  8;  on  one  of  the 
four  plates  there  was  1 mould. 

The  control  experiments  done  under  exactly  similar  conditions,  but  with  the  addition  of  a con- 
siderable quantity  of  sterile  water,  showed  no  growth  whatever. 

III.  — Reports  of  the  most  recent  Chemical  Analysis  and  Bacteriological  examination  of  the 
Rivington  Water  (supplied  to  me  by  the  courtesy  of  Mr.  J.  Parry,  Water  Engineer  to  the  Liverpool 
Corporation.  T.E.H.). 

Examination  of  Liverpool  Water  Supply  (Rivington)  sample  taken  6th  December,  1897 : — 


Total  solid  matter  in  solution 
Organic  Carbon 
Organic  Nitrogen  ... 

Ammonia 

Nitrogen  as  Nitrites 
Total  combined  Nitrogen 
Chlorine 
Oxygen  consumed  in  15  minutes 
Oxygen  consumed  in  3 hours 
Total  hardness 
Suspended  matter  ... 


Parts  per  100,000. 
8-6 
•279 
•025 
•008 
none. 

■031 
1-35 
•043 
•130 

3f  degrees, 
slightly  peaty,  algae  and  fibres. 


The  sample  is  in  good  condition. 


(Signed)  J.  CAMPBELL  BROWN,  D.  Sc. 


Report  to  the  Water  Engineer  of  a sample  of  Rivington  Water,  November  29th,  1897,  by 
Professor  Boyce. 

Rivington  Water  collected  at  intake  to  Prescot  Reservoir  in  sterilised  tube. 

Bacterioscopic  Examination,  9-30  a.m. 

£ C.C.  Inoculated  Gelatine  at  21oC  — 6 per  C.C. 

Agar  at  37°C  — none. 

Sample  very  good— no  liquefying  Bacteria,  colonies  very  minute. 


APPENDIX  OF  TABLES, 

Giving  the  chief  vital  statistics  for  Haydock  for  a consecutive 
period  of  60  years,  1838-97,  compared  with  the  corresponding 
statistics  for  England  and  Wales,  in  so  far  as  they  are  to  be 
obtained;  containing  also  the  Local  Government  Board  Tables 
“A”  and  “B”  for  the  year  1897. 


Table  I.— Statistics  of  Population  of  the  “Civil  Parish”  or  “Township” 
of  Haydock  compiled  from  the  Official  Census  Records  as  far  back  as  they 
extend. 


Population. 

Increase 

No.  of 

Average 
Number  of 

t 

- - 

N 

in 

Inhabited 

Inhabitants 

Census. 

Males. 

Females. 

Persons. 

10  years. 

Houses. 

per  House. 

1801 

372 

362 

784 

— 

188 

5-81 

1811 

387 

418 

805 

71 

147 

6*47 

1821 

468 

448 

916 

111 

148 

6-18 

1831 

485 

449 

934 

18 

155 

6*02 

1841 

650 

646 

1,296 

362 

215 

602 

1851 

1,071 

923 

1,994 

698 

388 

5-89 

1861 

1,980 

1,635 

8,615 

1,621 

601 

6-01 

1871 

2,833 

2,458 

5,286 

1,671 

903 

5-85 

1881 

3,110 

2,753 

5,863 

577 

...  1,002 

5*85 

1891 

3,509 

3,026 

<5  0,535 

672 

...  1,111 

5-88 

Table 

la.- 

Age  and 

Sex 

Distribution 

of  the 

Population 

Of  “ 

Haydock 

Urban 

Sanitary 

District  ” 

(which 

coincides 

in  area 

with  the  “ 

Civil 

Parish  ”) 

as  found  at 

the 

Censuses 

of  1881 

and  1891. 

(These  numbers  include  the 

Inmates  of 

Haydock  Lodge 

Lunatic  Asylum.) 

1881. 

18  91. 

Ages. 

Males. 

Females. 

Persons. 

Males. 

Females. 

Persons 

Under  1 

year 

103  ... 

106 

• . • 

209 

118  ... 

118 

• • • 

281 

1 to  2 years 

82  ... 

99 

181 

...... 

96  ... 

109 

205 

2 to  8 

>» 

105  ... 

93 

198 

97  ... 

87 

184 

3 to  4 

11 

92  ... 

95 

187 

105  .. 

91 

• • ■ 

196 

4 to  5 

11 

98  ... 

108 

... 

206 

98  ... 

86 

179 

5 to  10 

11 

446  ... 

425 

871 

* 

488  ... 

452 

890 

10  to  15 

** 

833  ... 

306 

639 

400  ... 

892 

792 

15  to  20 

11 

297  ... 

198 

. . . 

495 

415  ... 

279 

694 

20  to  25 

91 

278  ... 

202 

475 

849  ... 

255 

604 

25  to  30 

19 

269  ... 

227 

496 



289  ... 

198 

487 

30  to  85 

91 

225  ... 

196 

. . . 

421 

254  ... 

178 

427 

35  to  40 

11 

173  ... 

131 

• . . 

304 

208  ... 

174 

877 

40  to  45 

11 

152  ... 

122 

274 

176  ... 

154 

829 

45  to  50 

11 

140  ... 

121 

261 

122  ... 

90 

212 

50  to  55 

11 

105  ... 

85 

190 

104  ... 

106 

210 

55  to  60 

11 

65  ... 

88 

. .. 

158 

93  ... 

89 

182 

60  to  65 

11 

65  ... 

56 

, . . 

121 

74  ... 

71 

145 

65  to  70 

11 

40  ... 

51 

91 

49  ... 

50 

99 

70  to  75 

11 

33  ... 

27 

60 

24  ... 

81 

55 

75  to  80 

11 

9 ... 

12 

21 

10  ... 

15 

25 

80  to  85 

11 

4 ... 

5 

9 

6 ... 

3 

9 

85  to  90 

11 

1 ... 

0 

• •• 

1 

0 ... 

2 

2 

90  to  95 

11 

0 ... 

0 

0 

0 ... 

0 

0 

96  and  upwards  ... 

0 ... 

0 

... 

0 

0 ... 

1 

1 

ALL  AGES 

8,110  ... 

2,753 

... 

5,863 

3,509  ... 

3,026 

... 

6,635 

Table  lb.— Numbers  enumerated  at  the  Censuses  of  1881  and  1891  of  the 
SPECIAL  INMATES  (Patients)  in  Haydock  Lodge  Lunatic  Asylum,  with 
ages  and  sexes. 

1881.  1891. 


Ages. 

Males. 

Females. 

Persons. 

Males. 

Females. 

Persons. 

0 — 5 years  ... 

0 

0 

0 

0 

0 

0 

5—10  „ ... 

1 

0 

1 

1 

0 

1 

10—15  „ ... 

1 

0 

1 

0 

0 

0 

15—20  „ ... 

6 

2 

8 

1 

2 

3 

20—25  „ ... 

11 

9 

20 

3 

2 

5 

25—35  „ ... 

25 

18 

43 

8 

14 

22 

35—45  „ ... 

16 

14 

30 

10 

16 

26 

45—55  „ ... 

24 

23 

47 

15 

14 

29 

55—65  „ ... 

12 

23 

35 

6 

13 

19 

65—75  „ ... 

14 

13 

27 

6 

9 

15 

75—85  

0 

2 

2 

3 

3 

6 

85-  „ ... 

0 

1 

1 

0 

0 

0 

ALL  AGES  ... 

110 

...  105 

...  215 

53 

73 

126 

Table  Ic. — Proportionate  Age  and  Sex  Distribution  of  the  Population  of 


Haydock  at  the  Census  of  1891,  compared  with  the  corresponding  figures  for 


England 

and 

Wales 

the  numbers  in  each 

case  being 

worked  out 

per 

thousand 

Ages. 

persons. 

Males. 

HAYDOCK. 

Females. 

Persons. 

England  and  Wales. 

Males.  Females.  Persons 

0 — 5 years 

77 

75 

152 

61 

61 

122 

5—10'  „ 

67 

69 

136 

59 

59 

118 

10—15  „ 

61 

60 

121 

57 

56 

113 

15—20  „ 

64 

43 

107 

51 

50 

101 

20—25  „ 

53 

39 

92 

42 

46 

88 

25—35  „ 

83 

57 

140 

70 

76 

146 

35—45  „ 

58 

50 

108 

54 

58 

112 

45—55  „ 

85 

30 

65 

42 

44 

86 

55—65  ,, 

26 

25 

51 

29 

32 

61 

65—75  „ 

11 

12 

23 

18 

20 

38 

75  upwards 

2 

3 

5 

6 

9 

15 

ALL  AGES 

537 

463 

1,000 

489 

...  511 

1,000 

Table  II.— The  chief  Vital  Statistics  for  Hay  dock,  compared  with  the 
corresponding  Statistics  for  England  and  Wales  as  far  back  as  the  Records  of 
the  Registrar-General  extend,  average  annual  rates  being  given  for  groups  of 
years  from  1838  to  1895,  and  the  separate  yearly  figures  for  1896  and  1897. 


Per  thousand  of  estimated  living  Population. 

Rate  of  Infant 

Average 

Periods. 

Birth- 

Rate. 

Death-Rate 
from  all 
causes. 

Death-Rate  from  the 

seven  principal  Death-Rate 
Zymotic  Diseases  from 

taken  together.  Phthisis. 

Death-Rate 

from 

Respiratory 

Diseases. 

by  number  of  of  uncertified 
Deaths  of  Infants  Deaths 

under  1 year  per  to  total 

1,000  Births.  Deaths. 

5 years  1838-42 

Hay  dock  .. 

England 

34-3 
. 31-6 

...  25-3 

...  22-1 

...  6-34 

...  3-77 

3-73 

3-79 

..  2-55 

..  5-88 

...  132  ... 
...  152  ... 

88-0 

+ 

+ 

4 years  1843-46 

Haydock  .. 

England 

. 33-6 

. 32-8 

...  18-6+ 
...  21-7 

...  4* * * §18 

* 

1*85 

* 

...  1-18 

...  113  ... 

...  151 

57-5 

+ 

+ 

4yearsl847.50{Haydock  - 

. 43-7 
32-6 

...  26-1+ 
...  23-4 

...  6-36 

...  5-02 

3-14 

2-89 

...  2-11 
...  2-64 

124  ... 

...  156  ... 

15-3 

+ 

+ 

5 years  1351-55 

Haydock  .. 

England 

. 41-2 

33-9 

...  22-5 

...  22-7 

...  5-22 

...  4-33 

2-94 

2-82 

...  2-21 

...  2-81 

...  141  ... 
...  157  ... 

11-4 

+ 

+ 

5 years  1856-60 

Haydock  .. 

England 

. 44-5 

. 84-4 

...  20-4 

...  21-8 

...  5-60 

...  3-94 

1- 56 

2- 77 

...  2-89 
...  3-13 

144 

...  152  ... 

10-9 

X 

5 years  1861-65 

Haydock  .. 

England 

. 47-9 

. 35-1 

...  24-6 

...  22-6 

...  6-87 
...  4-26 

1-56 

253 

...  3-35 
...  3-32 

...  153  ... 
...  151  ... 

5-1 

+ 

+ 

5 years  1866-70 

Haydock  .. 

England 

. 45-3 

. 35-3 

...  24-8+ 

...  22-4 

...  5-82 

...  4-25 

1- 30 

2- 45 

...  2-53 

...  3-39 

139  ... 

...  157  ... 

4-9 

• + 

+ 

5 years  4871-75  j Haydook  „ 

46-1 

35-5 

...  22-6 
...  22-0 

...  5-88 
...  3-79 

1- 96 

2- 22 

..  3-33 

..  3-69 

...  139  ... 

153 

80 

+ 

+ 

5 years  1876-80  }|^°k  '/. 

. 46-4 

. 35-4 

...  26-9f 

...  20-8 

...  3-82 

...  3-03 

1- 55 

2- 04 

...  3-85 

...  3-79 

137  ... 

...  144  ... 

23-7 

+ 

5 years  1881-85 

Haydock  .. 

England 

. 406 
. 33-5 

...  16-5 

...  19-4 

...  4-00 

...  2-49 

0- 93 

1- 83 

..  3-46 

...  3-55 

...  114  ... 
...  138  ... 

27-7 

3-8 

5 years  1886-90 

Haydock  .. 

England 

38-1 
. 31-4 

...  16-7 

...  18-9 

...  3-20 

...  2-22 

1-03 

1-64 

...  3-07 
..  3-64 

...  138  ... 

145  ... 

17.1 

3-1 

5 vears  1891  95  j Haydock  .. 
5 yearslHyi  y&|Engknd 

. 41-6 

30-5 

...  179 

...  18‘7 

...  3-35 

...  2-10 

1-07 

1-46 

...  3-23 

..  3-68 

...  147  ... 
...  151  ... 

4-5 

2-5 

Year  1896- 

Haydock  .. 
England 

399 

29-7 

...  16-8 
...  17-1 

...  2-02 

...  2-18 

1-14 

1-31 

..  2-91 
..  2-98 

...  177  ... 
...  148  ... 

5-4 

2-2 

Year  1897  ■ 

Haydock  .. 

England 

36-5 

29-7 

...  16-9 

...  17-4 

...  3-25 

...  2-15 

1-13 

§ 

...  2-38 

§ 

160  ... 
...  156  ... 

4-9 

2-0 

* The  causes  of  death  have  not  been  classified  in  the  annual  reports  of  the  Registrar-General  for  England  for  the 
years  1843-40. 

f These  average  Death-Rates  include  deaths  from  Colliery  Explosions  in  1845.  1850,  1869  and  1878,  which  have 
respectively  raised  the  Average  Death-rates  by  1*9,  2-3,  3-4,  and  6-3. 

X Statistics  of  “ Uncertified  Deaths  ” in  England  and  Wales  were  not  prepared  by  the  Registrar-General  until  the 
year  1878.  For  the  years  1878-79-80  the  percentages  were  4-8,  4-7,  and  4-3 

§ Figures  not  yet  available. 


Table  III.— Death-rates  in  Haydock,  from  each  of  the  seven  principal  Zymotic 
Diseases  during  the  period  of  60  years,  1838-97,  compared  with  the  corresponding 
figures  for  England  and  Wales,  average  annual  rates  being  given  for  groups  of 
years  from  1838  to  1895,  and  the  separate  yearly  Statistics  for  1896  and  1897. 


Death-Rates  per  thousand  of  the  estimated  living  population  from 


Typhus, 


Periods. 

5 years  1838-42  < 

Haydock  ... 

Smallpox. 

0-95  ... 

Measles 

0-49 

Diphtheria 
Scarlet  and 

Fever.  Croup. 

1-57  ...  0-50  ... 

Typhoid,  Diarrhoea 
Whooping  and  continued  and 
Cough.  Fever.  Cholera, 

000  ...  2-69  ...  0-15 

England 

0-58 

... 

0-54 

... 

...  0-80*  ... 

... 

0-50 

... 

105 

... 

0-30 

4 years  1843-46  • 

Haydock  ... 

0-00 

000 

1-69  ...  0-52 

... 

0-83 

0-48 

0-62 

England 

t 

... 

t 

... 

...  f ... 

... 

t 

... 

t 

... 

t 

4 years  1847-50  - 

Haydock ... 

000 

• • • 

103 

• • • 

1-49  ...  1-25 

• • • 

000 

• • • 

1-62 

0-97 

England 

0-29 

... 

0-40 

... 

...  0-88*  ... 

... 

0-48 

... 

1-25 

... 

1-71 

5 years  1851-55  < 

Haydock  . . . 

008 

0-84 

• • • 

1-46  ...  0-34 

• • • 

008 

... 

0-75 

1-67 

England 

0-25 

... 

0-40 

... 

...  0-91*  ... 

... 

0-51 

... 

0-98 

... 

1-27 

5 years  1856-60  • 

Haydock ... 

0-34 

... 

0-64 

• • • 

1-51  ...  114 

0-68 

... 

0-19 

111 

England 

0-20 

... 

0-42 

... 

081  ...  0-52 

... 

0-50 

... 

0-84 

... 

0-90 

5 years  1861-65  - 

Haydock ... 

0-48 

• • • 

0-51 

• • • 

0-94  ...  1-87 

• • • 

0-58 

1-24 

1-25 

England 

0-22 

... 

0-46 

... 

0-98  ...  0-54 

... 

0-52 

... 

0-92 

... 

0-92 

5 years  1866-70  - 

Haydock  ... 

000 

• • • 

0-80 

• • • 

1-42  ...  1-27 

• • • 

0-30 

... 

0-86 

117 

England 

010 

... 

0-43 

... 

0-96  ...  0-33 

... 

0-55 

... 

0-85 

... 

1-24 

5 years  1871-75  - 

Haydock ... 

0-26 

... 

0-75 

• • ■ 

1-36  ...  0-30 

• • • 

0-63 

1-32 

1-25 

England 

0-41 

... 

0-37 

... 

0-76  ...  0-31 

... 

0-50 

... 

0-59 

... 

103 

5 years  1876-80  ■ 

Haydock ... 

000 

0-53 

• • • 

0-63  ...  059 

• • • 

0-31 

... 

0-85 

102 

England 

0-08 

... 

0-38 

... 

0-68  ...  0-28 

... 

0-53 

... 

0-38 

... 

0-85 

5 years  1881-85  - 

Haydock  ... 

007 

118 

• • • 

0-92  ...  0-36 

• • • 

0-30 

... 

0-39 

... 

0-76 

England 

008 

... 

0-41 

... 

0-44  ...  0-32 

... 

0-46 

... 

0-27 

... 

0-67 

5 years  1886-90  - 

' Haydock ... 

000 

... 

0-47 

• • • 

0-89  ...  0-41 

• • • 

0-60 

• • • 

0-37 

0-44 

' England 

001 

... 

0-47 

... 

0-24  ...  0-30 

... 

0-44 

... 

0-20 

... 

0-68 

5 years  1891-95 

\ Haydock ... 

000 

• • • 

0-84 

• • • 

0-26  ...  0-54 

... 

0-64 

0-20 

... 

0-86 

[ England 

002 

... 

0-41 

... 

0-18  ...  0-32 

... 

0-40 

... 

019 

... 

0-65 

Year  1896  - 

Haydock ... 

000 

0-63 

• • • 

013  ...  0-38 

... 

0-63 

013 

013 

England 

002 

... 

0-56 

... 

0-18  ...  0-29 

... 

0-41 

... 

017 

... 

0-55 

Year  1897  • 

f Haydock ... 

000 

• • • 

000 

• • • 

013  ...  0-50 

• • • 

0-63 

0-50 

1-50 

^England 

000 

... 

0-40 

... 

014  ...  0-24 

... 

0-35 

... 

016 

... 

0-86 

* Previously  to  the  year  1855  Scarlet  Fever  and  Diphtheria  were  grouped  together  in  the  Annual  Reports  of  the 
Registrar-General  for  England  and  Wales. 

t The  Annual  Reports  of  the  Registrar-General  do  not  give  any  classification  of  the  causes  of  death  for  the  four 
years  1843-46. 


Table  IV. — Mean  Age  at  Death  of  those  who  have  Died  in  Haydock 
during  the  60  years,  1838-97.  (The  Deaths  which  have  occurred  at  Haydock  Lodge  Lunatic 
Asylum  being  excluded.)  Also  per-centage  of  Deaths  under  5 years  of  age  to 
total  number  of  Deaths. 


Note — The  “Mean  age  at  Death”  is  obtained  for  each  period  by  simply  adding  together  the  individual  ages  and 
dividing  the  sum  by  the  total  number  of  Deaths.  In  the  numbers  given  below  an  allowance  has  been  made  for  the 
parts  of  years  lived  through  in  addition  to  the  whole  numbers  stated . In  about  three-fourths  of  the  total  numbers  of  deaths 
some  correction  is  needed, (that  is,  after  excluding  those  under  one  year,  and  those  over  one  year  in  which  the  fraction  of 
year  is  stated  A It  may  be  assumed  that  on  the  average  for  all  such  deaths  the  fraction  will  be  one  half. 


Mean  Age  at  Death. 

Percentage  of  Deaths 

Periods. 

Males. 

Females. 

Persons. 

under  5 years  to  total 
number  of  Deaths. 

5 years  188842 

* 

* 

23’9  years 

39 

4 years  1843-46 

* 

* 

21-1  „ 

42 

4 years  1847-50 

* 

* 

26-1  „ 

34 

5 years  1851-55 

* 

* 

23-2  „ 

41 

5 years  1856-60 

* 

* 

16-6  „ 

53 

5 years  1861-65 

* 

* 

17-7  „ 

56 

5 years  1866-70 

* 

* 

22-9  „ 

48 

5 vears  1871-75 

* 

* 

20-9  „ 

52 

5 years  1876-80 

* 

* 

19-8f  „ 

54  J 

5 years  1881-85 

23-9  years  ... 

23-9  years  ... 

23-9  „ 

51 

5 vears  1886-90 

274  „ ... 

25-8  

26-7 

48 

5 years  1891-95 

22-0  „ ... 

24-6  „ ... 

23-2  „ 

54 

Year  1896  ... 

22-9  

22-2  „ ... 

22-5  „ 

56 

Year  1897  ... 

19-7  „ ... 

25-2  „ ... 

22-6  „ 

49 

* The  preparation  of  this  Table  was  not  contemplated  at  the  time  when  the  abbreviated  Extracts  from  the 
Records  of  the  Superintendent  Registrar  were  obtained  for  compiling  the  Tables  given  in  the  Annnal  Report  for  1896, 
and  the  data  for  dividing  the  deaths  between  the  two  sexes  were  not  included. 


t The  ages  of  the  179  victims  of  the  “Wood-Pit”  explosion,  in  the  year  1878,  were  not  given  in  the  Returns 
above  mentioned.  This  number  has  therefore  been  calculated  excluding  these. 

X The  “ Wood-Pit  ” Explosion  Deaths  have  been  excluded  in  this  calculation. 


Table  V.— “ Mean  expectation  of  life  at  birth”  of  the  Population  of  Haydock, 
for  periods  corresponding  to  those  of  the  foregoing  Tables,  approximately 
calculated  from  the  average  Birth-rates  and  Death-rates,  by  the  formula  of  the 
late  Dr.  Farr,  in  which  x being  expectation  of  life  at  birth,  and  B being  Birth- 
rate per  1,000,  and  D being  Death-rate  per  1,000,  then— 

2 1000  1 1000 

x = - x + - x 

3 D 3 B 


The  “ Age-distribution”  of  the  population  of  Haydock  not  being  given  in  the  Census  Records  previously  to  1881, 
it  has  been  impossible  to  carry  out  an  intention  of  working  out  a series  of  “ Life-tables  ” for  the  10-yearly  periods 
froml841,  by  which  a more  certain  and  accurate  calculation  of  the  results  aimed  at  in  this  Table  might  have  been 
made.  A “ Life-table  ” has  been  worked  out  for  the  lo  years  1881-90.  (See  supplement.) 


Mean  Expectation  of 


Periods. 

Life  at  Birth. 

5 years  1838-42 

361 

years 

4 years  1843-46 

*45-8 

99 

4 years  1847-50 

*33-2 

99 

5 years  1851-55 

37-7 

9 9 

5 years  1856-60 

40-2 

99 

5 years  1861-55 

34-1 

99 

5 years  1866-70 

*34-2 

>» 

5 years  1871-75 

36-7 

99 

5 years  1876-80 

*310 

99 

5 years  1881-85 

48-6 

99 

5 years  1886-90 

48-7 

9) 

5 years  1891-95 

451 

99 

Year  1896 

48-0 

)j 

Year  1897 

48-6 

99 

* Excluding  from  the  calculations  the  increase  in  the  average  Death-Rates  for  these  peiods,  through  colliery 
explosions,  these  figures  would  be  respectively  : 


1843-46 

1847-50 

1866-70 

1876-80 


49-8  years 
35-6  „ 

38-5  „ 

35-8  „ 


Deaths  occurring  within  the  J 

district  among  persons  not  be-  -j 

longing  thereto.  ij 

Deaths  occurring  outside  the  j 

district  among  persons  belong-  -J 

ing  thereto.  | 

The  subjoined  numbers  have  also  to  be  taken  into  account  in  judging  of  the  above  records  of  Mortality. 

Totals { 
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snown  as  separate  localities. 

( Columns  for  Population  and  Births 

are  in  Table  B.J 

Names  of  Localities  adopted 
for  the  purpose  of  these  Statis- 
tics ; public  institutions  being 
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Years  of  Age. 
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CO 

CO 
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00 
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Total, 

Table  of  DEATHS  during  the  Year  1897,  in  the  Haydock  Urban  Sanitary  District,  classified  according  to  Diseases,  Ages,  and  Localities. 
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Table  of  POPULATION,  BIRTHS,  and  of  NEW  CASES  of  INFECTIOUS  SICKNESS,  coming  to 
the  knowledge  of  the  Medical  Officer  of  Health  during  the  year  1897,  in  the  Haydock  Urban  Sanitary 


Supplement  to  the  Annual  Report 


ON  THE  HEALTH  OF 


' c 


FOR  THE  YEAR  1897, 


CONTAINING— 

(1)  A Life-Table  for  Haydock,  based  on  the  Mortality  of  the  10  years,  1881 — 90, 

AND 

(2)  Other  Tables,  setting  forth  the  leading  Vital  Statistics  for  the  same  Decennium. 


BY 

T.  E.  Hayward,  m.b.  (LOND.) 


MEDICAL  OFFICER  OF  HEALTH. 


/ 


. 


•I 


Haydock, 

3rd  March , 1898. 


To  the  Chairman  of  the  Haydock  TJrhan  District  Council. 


Sir, 

In  addition  to  the  usual  Annual  Report  for  the  year  1897, 
with  Appendix  of  Tables,  I have  prepared  for  submission  to  your 
Council,  a Supplementary  Report,  in  which  an  attempt  has  been 
made  to  so  deal  with  the  Vital  Statistics  of  Haydock  for  the 
ten  years  1881-90,  as  to  enable  them  to  be  fairly  compared 
with  those  for  the  whole  of  England  and  Wales  given  in  the 
“Decennial  Supplement”  of  the  Registrar  General.  It  may  seem 
rather  late  to  present  this  work,  but  this  is  the  earliest  year  in 

which  all  the  statistics  for  England  and  Wales  to  be  brought  into 

comparison-  were  available,  as  some  of  them  were  not  issued  until 
towards  the  end  of  1897. 

An  endeavour  has  been  made  to  simplify  and  explain  as 

fully  as  possible  what  may  be  learned  from  these  figures,  and  I 
trust,  that  with  but  a little  patient  attention,  your  Council  may  find 
sufficient  interest  and  value  in  these  Statistics  to  make  it  appear 
worth  while  to  have  spent  the  considerable  sum  necessary  to  defray 
the  cost  of  printing. 

I have  the  honour  to  be,  Sir, 

Your  obedient  Servant, 

T.  E.  HAYWARD,  M.B.  (Lond.), 

Medical  Officer  of  Health. 


SUPPLEMENT  TO  THE  ANNUAL  REPORT  ON  THE  HEALTH  OF 


®rban  ^anitartr  District  af  Ifanback, 

FOR  THE  YEAR  1897. 


IN  addition  to  the  Annual  Reports  issued  by  the  Registrar-General,  it  has  been 
* customary  for  the  Superintendent  of  Vital  Statistics  for  the  time  being,  to  prepare 
“ Decennial  Supplements  ” relating  to  the  respective  ten-yearly  periods  most  nearly 
corresponding  to  the  intervals  between  two  successive  Censuses. 

The  labour  involved  in  drawing  up  the  elaborate  Tables  in  these  Reports,  and  in 
carefully  weighing  all  the  deductions  to  be  drawn  from  them,  is  so  great,  that  a considerable 
time  must  elapse  after  the  close  of  each  Decennium,  before  the  Supplement  dealing  with  it 
can  be  issued. 

The  Decennial  Report  for  the  ten  years  1881-90,  was  published  in  two  volumes — 
Part  I in  1896,  and  Part  II  in  1897,  and  it  is  such  a mine  of  information  that  it  can 
scarcely  be  exhausted  before  the  time  comes  for  its  successor  to  appear. 

Like  the  preceding  ones,  but  even  in  a still  greater  degree,  this  Report  is  not  merely 
a summary  and  recapitulation  of  statistics  already  given  in  the  several  Annual  Reports, 
hut,  with  masterly  grasp  and  power,  it  reviews  the  vital  history  of  the  period  to  which  it 
relates,  in  the  light  of  the  more  exact  knowledge  as  to  the  true  mean  population  for  the 
10  years,  to  be  obtained  by  combining  the  results  of  the  two  censuses  of  1881  and  1891. 

It  has  appeared  to  me,  as  it  may  doubtless  have  appeared  to  many  other  Medical 
Officers  of  Health,  that  it  might  be  worth  while,  even  for  a district  so  small  as  Haydock,  to 
make  some  attempt  to  draw  up  a Decennial  Supplement  for  the  corresponding  period  of 
1881-90.  Such  a Supplement  will  at  least  enable  comparisons,  as  exact  as  possible,  to  be 
made  between  the  Vital  Statistics  for  this  District,  and  those  for  England  and  Wales  as  a 
whole,  for  the  period  in  question,  while,  should  similar  Supplements  be  prepared  in  the 
future,  this  one  will  give  a basis  of  exact  comparison  with  those  to  come  after. 

A series  of  Tables  have  therefore  been  prepared  which  have  been  grouped  together 
in  this  Supplement  to  my  Annual  Report  for  1897,  which  may  be  thus  summarised. 

(1)  A “ Life  Table  ” with  preliminary  Tables  of  Population  and  Deaths. 

(2)  Tables  showing  comparision  of  the  Death-rates  for  Males  and  Females  at 
at  different  age  periods  with  the  corresponding  figures  for  England  and  Wales. 

(3)  Tables  showing  the  mean  age  and  sex  distribution  of  the  Population  of  Haydock, 
for  the  10  years  in  question,  with  the  similar  statistics  for  England  and  Wales. 

(4)  A Table  showing  the  calculation  for  Haydock  of  what  are  called  in  the 
Registrar-General’s  last  Decennial  Report,  the  Death-rates  in  the  “Standard  Population,” 
that  is,  showing  what  the  mean  annual  Death-rates  for  England  and  Wales  as  a whole  would 
have  been  during  1881-90,  if  the  Death-rates  in  the  various  age  and  sex  groups  of  the 
population  of  England  and  Wales  had  been  the  same  as  those  of  Haydock  during  the  same 
period,  thus  permitting  an  exact  comparison  to  be  made. 


6 


LIFE-TABLE. 

General  Remarks  on  the  Nature,  Mode  of  Construction, 

AND  USES  OF  A LiFE-TABLE. 

A “ Life-Table  ” may  be  described  as  a set  of  figures  brought  together  so  as  to  form  a 
Life-measurer — a measurer  of  the  probable  length  of  lives  in  the  future — on  the  basis  of 
calculations  from  facts  relating  to  Lives  and  Deaths  during  some  definitely  defined  period  of 
the  past. 

Sanitary  improvement,  which  is  so  much  talked  of,  and  from  which  so  much  is 
expected,  has  to  be  finally  judged  as  to  its  effects  and  results,  by  the  answers  to  these  two 
questions  : (1) — Are  lives  more  healthy  ? (2) — Are  lives  any  longer? 

In  answering  the  latter  question  a Life-table  is,  to  those  concerned  with  Public 
Health,  as  has  been  well  said  by  Dr.  Tatham,  what  the  “ two-foot  rule  ” is  to  the  mechanic. 
Short  of  exact  measurement,  impressions  as  to  the  relative  size  and  length  of  objects  can 
only  be  approximate,  and  often  vague.  The  last  and  final  test  is  the  application  of  the 
“ rule,”  it  may  be  one  divided  into  minute  fractions  of  an  inch,  or  one  of  feet  multiplied 
many  times. 

A Life-Table,  then,  is  an  instrument  of  exact  measurement  applied  to  estimate  the 
number  of  years  which  human  lives  may  be  expected  on  the  average  to  last,  somewhat  as  a 
Thermometer  is  used  to  measure  degrees  of  heat  or  cold,  or  as  a Barometer,  to  measure  the 
weight  of  the  atmosphere. 

In  order  to  explain  to  some  extent,  the  nature  and  mode  of  construction  of  a 
Life-Table,  an  illustration  used  by  Dr.  Tatham,  formerly  Medical  Officer  of  Health  for 
Manchester,  and  now  Superintendent  of  Vital  Statistics  at  the  General  Register  Office,  in 
his  introduction  to  the  Manchester  Life-Table,  may  be,  with  due  acknowledgment, 
appropriated. 

It  must  be  imagined  that  some  years  over  a century  ago,  an  immense  Ledger  of  a 
million  pages  was  opened,  and  that  on  each  page  was  inscribed  the  name  of  an  infant  with 
sex  and  exact  date  of  birth  marked.  For  the  sake  of  simplicity,  let  us  imagine  these  infants 
were  all  born  on  the  first  day  of  January.  It  must  be  further  supposed  that  by  successive, 
careful  and  diligent  record-keepers,  the  Ledger  was  kept  regularly  posted  up  once  a year, 
and  that,  when  a year  after  the  account  was  opened,  the  work  of  posting  was  done,  in  the 
cases  of  all  the  infants  who  had  died  during  the  first  year  of  life,  the  fact  and  date  of  death 
were  correctly  noted,  and  in  the  cases  of  all  the  survivors,  one  year  of  life  was  duly  credited  to 
their  respective  accounts.  The  work  of  posting  will  have  been  very  heavy  for  this  first 
year,  for  while  it  is  true,  alas  ! all  through  life  that — 

“ Dangers  stand  thick  through  all  the  ground 
To  push  us  to  the  tomb.” 

these  dangers  stand  very  thick  indeed  during  the  first  year  of  existence. 

Let  it  be  imagined  that  the  lighter  work  of  the  second  year  is  completed,  and  that  it 
is  proceeded  with  year  after  year,  until  the  last  scattered  survivors,  who  have  lingered  over  a 
century,  have  one  after  another  passed  away,  and  the  last  account  has  been  finally  closed. 

Now,  in  such  a Ledger  the  crude  materials  for  a Life-Table  would  exist.  Out  of 
the  original  million  a certain  number  would  have  died  in  the  first  year  of  life,  a certain 
number  in  the  second  year  of  life,  and  so  on  until  the  end.  By  adding  up  all  the  years 
of  life  lived  through  by  the  original  million  (including  not  only  the  complete  years,  but 
the  parts  of  years  lived  by  those  who  died  in  the  interval  from  the  beginning  of  each 
year,  to  the  beginning  of  the  next)  and  dividing  the  sum  by  a million,  what  is  called 
the  “ Mean  Expectation  of  Life  at  Birth”  would  be  obtained.  By  further  adding  up  the 
total  number  of  years  lived  through  by  the  survivors  at  the  end  of  the  first  year,  and 
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dividing  the  sum  by  that  number  of  survivors,  the  mean  expectation  of  life  at  the  age 
of  one  year  will  be  obtained,  and  so  on  until  the  end.  It  should  be  noted,  however, 
that,  in  using  such  a Ledger,  a separate  calculation  would  also  be  made  for  the  male 
and  female  infants  respectively. 

It  is  obvious  that  the  duration  of  life  in  the  cases  of  the  million  who  were  at  the 
beginning  placed  in  the  Ledger  would  have  been  affected  by  two  things 

(1)  Their  original  stock  of  vitality. 

(2)  The  nature  of  the  surroundings  amidst  which  they  had  lived,  more  or  less 
favourable  to  lengthened  existence. 

Now,  the  practical  difficulties  in  the  way  of  constructing  a Life-Table  in  the  way 
just  indicated  are  such  as  to  be  altogether  insuperable.  Even  were  it  otherwise,  and  the 
work  commenced  to-day,  a century  and  more  must  elapse  before  the  results  are  available, 
and  during  that  time  the  conditions  of  existence  would  probably  have  changed  so  much 
that  these  results  would  be  unreliable. 

It  remains  to  explain  how  by  certain  calculations  it  is  possible  to  construct  a Life- 
Table  which  is  of  even  greater  practical  value  and  accuracy  than  the  one  just  supposed  to  be 
constructed  by  observing  and  recording  the  facts  relating  to  a million  persons  during  their 
whole  life-time. 

The  crude  materials  required  in  order  to  construct  a Life-Table  for  any  district  are 

(1)  The  numbers  of  Population  enumerated  at  two  successive  censuses,  arranged 
in  groups  according  to  sexes  and  ages. 

(2)  The  Records  of  Deaths  registered  in  the  District  during  the  10  calendar  years 
nearest  to  the  two  Census  Dates,  classified  in  age  and  sex  groups  corresponding  to  those 
of  the  Population  numbers. 

The  general  principle  is  to  calculate  from  the  Population  numbers  and  the  number 
of  Deaths  for  each  age-group  for  each  sex  the  rates  of  mortality,  and  the  probabilities  of 
survival  from  one  age  to  the  next,  and  to  assume  that  all  those  now  living  will  in  turn 
be  subjected  to  the  same  death-rates  as  those  existing  at  the  present  time. 

As  will  appear  from  the  further  explanations  to  be  given,  no  small  part  of  the 
labour  involved  in  making  out  a Life-Table  is  concerned  with  compiling  and  calculating 
the  connect  foundation  numbers. 

It  may  be  stated  at  the  outset,  that  it  is  of  even  greater  importance  to  secure 
extreme  accuracy  in  the  numbers  of  Deaths  to  be  tuken  into  consideration,  than  in  the 
Population  numbers,  for  it  is  obvious  (1)  that  Death-rates  are  made  higher  by  (a)  either 
diminishing  the  Population  number  or  ( b ) by  increasing  the  number  of  Deaths,  and  vice 
versa,  and  (2)  that  a deficiency  of  one  in  the  number  of  Deaths  will  have  a many  times 
greater  effect  in  diminishing  the  Death-rate  than  an  excess  of  one  in  the  Population 
number.  Thus,  with  two  Deaths  in  a Population  of  100  the  rate  of  mortality  is 
2 per  cent.  Diminish  the  Deaths  by  one,  and  the  mortality  is  1 per  cent.  With 
two  Deaths  in  a population  of  101,  the  mortality  is  199  per  cent.;  only  diminished  by  a 
very  small  fraction. 

It  may  now  be  proceeded  with  to  explain  the  way  in  which  the  Preliminary 
Tables  of  Pojiulation  numbers  and  of  Deaths  have  been  arrived  at. 

The  basis  of  the  Population  numbers  will  be  necessarily  the  numbers  enumerated  at 
the  censuses  of  1881  and  1891,  which  are  given  in  the  Appendix  to  the  Annual  Report, 
and  it  may  appear  on  first  view,  that  it  is  only  necessary  to  add  together  the  numbers 
in  the  respective  age  and  sex  groups,  as  found  at  the  two  Censuses,  and  divide  by  two, 
thus  getting  the  “ Arithmetical  means,”  to  obtain  the  working  numbers. 

However  there  are  certain  difficulties  which  successively  arise,  on  closer  consider- 
ation, which  make  the  matter  much  more  complicated. 


I.  POPULATION. 


The  great  out-standing  difficulty,  in  this  respect,  with  regard  to  Haydock,  arises 

from  the  fact  that  within  its  boundaries  is  situated  the  large  private  Lunatic  Asylum 

at  Haydock  Lodge,  the  Inmates  and  Resident  Staff  of  which  are  included  in  the  total 
enumerated  census  population  numbers.  The  Resident  Staff  may  of  course  be  included 
fairly  among  the  ordinary  population,  but  not  the  Inmates. 

With  regard  to  this  circumstance  there  are  the  proverbial  “three  courses”  open: — 

(1)  To  take  the  total  Population  number  and  the  total  number  of  Deaths  including 
those  at  the  Asylum. 

The  great  objection  to  this  proceeding  is  that  by  so  doing  the  total  Death-rates 

of  Haydock  would  be  so  considerably  increased,  and  in  particular  at  some  of  the  age- 

periods,  as  to  give  a quite  unfair  and  inaccurate  representation  of  the  true  Vital  Statistics, 
as  affecting  the  ordinary  population  of  the  District.  For  the  period  under  consideration, 
whereas  the  total  mean  inmate  population  of  the  Asylum  increases  the  ordinary  mean 
population  of  Haydock  by  3 per  cent,  the  total  Inmate  Deaths  added  to  the  Ordinary 
Deaths  effect  an  increase  10'5  per  cent,  and  at  some  of  the  age-periods  the  rate  of  mortality 
would  be  more  than  doubled. 

(2)  To  take  the  total  population  numbers  including  the  inmate  population  of  the 
Asylum,  and  to  leave  out  altogether  the  Deaths  of  the  inmates  of  the  Asylum,  while 
including  those  belonging  to  the  resident  staff.  By  this  course  an  error  will  be  introduced 
of  an  opposite  direction  but  of  much  less  extent,  that  is,  the  Death-rates  will  be  made 
to  appear  lower  than  they  ought  to  be.  As  a matter  of  fact,  all  the  statistics  for  Haydock 
hitherto  j>resented  in  the  ordinary  Annual  Reports,  have  been  based  on  this  fallacious  mode 
of  calculation,  and,  thus,  the  Death-rates  have  all  been  made  rather  lower  than  they 
should  have  been.  In  the  calculations  necessary  for  a Life-Table,  however,  it  is  of  such 
great  importance  to  secure  the  utmost  attainable  accuracy  in  the  foundation  numbers,  that 
this  second  course  is  unsuitable  if  a better  one  can  be  found. 

(3)  There  remains  the  last  course,  and  the  best,  if  it  can  possibly  be  secured, 
viz  : to  eliminate  altogether  from  the  calculation  both  the  Population  number  and  the 
number  of  Deaths  as  regards  the  inmates  of  the  Asylum.  The  Resident  Staff,  to  the 
number  of  from  sixty  to  seventy,  may  of  course  be  fairly  included  in  the  ordinary 
Population  of  the  District,  and  the  Deaths  occurring  among  them  may  also  be  included 
among  the  Deaths  belonging  to  Haydock  proper. 

I had  despaired,  however,  of  being  able  to  adopt  this  last  and  best  course,  for 
I could  not  obtain  from  those  in  charge  of  the  Asylum  the  exact  census  figures,  although 
both  Dr.  Street,  the  Medical  Superintendent,  and  Dr.  Cheetham,  the  Assistant  Medical 
Officer,  did  all  in  their  power  to  help  me.  In  particular  the  latter  took  the  trouble  to 
compile  from  the  records  of  the  Asylum,  a complete  enumeration  of  the  inmate  population 
on  December  31st,  1891,  classified  according  to  ages  and  sexes,  but  the  facts  for  1881 
were  not  attainable;  I could  only  get  the  approximate  total  number.  I had  thought  to 
make  an  approximate  calculation  as  the  best  possible  course.  Finally,  by  the  courtesy  and 
kindness  of  Mr.  Noel  A.  Humphreys,  until  recently  Secretary  of  the  Census  Department, 
at  the  General  Register  Office,  Somerset  House,  I was  supplied  with  the  exact  figures 
of  the  Inmate  Population  of  the  Asylum,  as  enumerated  at  the  two  censuses  of  1881,  and 
1891.  To  him  I would  wish  to  express  my  most  grateful  acknowledgments,  as  having 
thus  enabled  me  to  surmount  this  otherwise  insuperable  difficulty. 

Therefore,  although  it  may  appear  like  laying  violent  hands  on  something  so 
sacred  as  the  fixed  fact  of  the  total  population  enumerated  at  the  census,  I have  commenced 
by  correcting  the  census  enumerations  of  1881  and  1891,  by  deducting  from  each,  the 
respective  numbers  belonging  to  the  inmate  population  of  the  Asylum. 


To  show  still  more  clearly  how  the  three  different  ways  of  dealing  with  the  Asylum 
difficulty,  must  have  led  to  very  widely  different  results  in  the  Life-Table,  without  going 
into  details  as  to  the  separate  age  and  sex  groups,  it  may  be  stated  generally  with  regard  to 
the  total  mean  annual  Death-rate  (calculated  on  the  arithmetical  mean  population  numbers). 

(1)  Haydock  Population  ) f Haydock  Deaths 
including  Asylum  Population  / ant  \ with  Asylum  Deaths. 

will  give  a mean  annual  Death-rate  of  20'35. 

(2)  Haydock  Population  1 ( Haydock  Deaths 

including  Asylum  Population  / \ without  Asylum  Deaths 

will  give  a mean  annual  Death-rate  of  16’95. 

(3)  Haydock  Population  ) ^ ^ j Haydock  Deaths 
icithout  Asylum  Population  J "H(  \ without  Asylum  Deaths 

will  give  a mean  annual  Death-rate  of  17-43. 

In  the  1st  case  the  result  is  20  per  cent  too  high,  and  in  the  2nd  case  the  result  is 
8‘5  per  cent  too  low. 

The  only  other  “ Public  Institution  ” in  Haydock  is  the  Cottage  Hospital.  The 
number  of  patients  from  other  Districts,  who  may  have  been  in  the  Hospital  when  the  census 
of  1891  was  taken  (it  was  not  in  existence  in  1881),  could  only  have  amounted  to  units,  and 
may  be  considered  a negligible  quantity. 

The  same  thing  may  be  remarked  with  respect  to  the  number  of  persons  belonging 
to  Haydock  who  may  have  been  inmates  of  the  Warrington  Workhouse  at  the  dates  of  the 
Censuses  of  1881  and  1891. 

The  differences  would  have  been  so  minutely  fractional  as  to  render  it  not  at  all 
worth  while  to  have  taken  and  given  the  labour  involved  in  securing  the  exact  facts.  In  any 
case  these  errors  would  have  been  in  opposite  directions  and  would  have  tended  to  counter- 
balance each  other. 

We  must,  then,  take  the  numbers  enumerated  at  the  two  Censuses  of  1881  and  1891, 
corrected  by  excluding  the  inmate  population  of  Haydock  Lodge,  as  our  fixed  points.  Of 
course,  in  Haydock,  as  in  every  other  district,  at  the  dates  of  the  Censuses,  there  may  have 
been  persons  belonging  to  Haydock  absent  at  the  time  of  the  enumeration,  while  other 
persons  properly  belonging  to  other  districts  may  have  been  temporarily  staying  in  Haydock. 
These  numbers  will  probably  nearly  counterbalance  each  other,  but  in  any  case  it  is 
impossible  to  get  nearer  to  the  truth. 

The  numbers  in  each  age  and  sex  group  are  given  in  detail  in  Table  I. 

Confining  ourselves  now  to  the  total  numbers,  there  are  the  following  facts  to  go 

upon. 


Total 

Population. 

Inmates  of 
Haydock  Lodge 
Asylum. 

Remainder  after 
deducting  Asylum 
Inmates. 

CENSUS  OF 

1881. 

Males... 

3,110  ... 

...  110  ... 

...  3,000 

Females 

2,753  ... 

...  105 

...  2,648 

Persons 

5,863  ... 

...  215  ... 

...  5,648 

CENSUS  OF 

1891. 

Males... 

...  3,509 

...  53  ... 

...  3,456 

Females 

3,026  ... 

...  73  ... 

...  2,953 

Persons 

6,535  ... 

...  126  ... 

...  6,409 

Thus  we  have  a Population  of  5,018  increasing  in  10  years  to  6,409. 

The  most  obvious  and  simple  method  of  arriving  at  the  mean  population  for  the 
period  of  10  years  is  to  simply  add  the  two  numbers  together  and  divide  by  2,  thus  getting 
the  “Arithmetical  mean.” 


5648  + 6409 
2 


6028'5  (or  6029) 


Unfortunately,  however,  this  method  is  not  so  accurate  as  it  is  simple.  By  using  it 
a double  error  is  introduced. 
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(1)  On  the  assumption  that  population  increases  by  a constant  “ rate  of  increase,” 
that  is,  in  “ geometrical  progression,”  the  true  mean  must  necessarily  he  less  than  the 
arithmetical  mean. 

(2)  The  date  of  the  Census  of  1881  having  been  ^ year  after  the  beginning,  and  the 
date  of  the  Census  of  1891  having  been  J year  after  the  ending  of  the  10  calendar  years 
1881-90,  this  fact  also  would  tend  in  an  increasing  population  to  make  the  mean  of  the  Census 
interval,  however  calculated,  greater  than  the  mean  of  the  10  years  1881-90. 

In  order  to  find  the  true  mean  population  for  the  10  years  1881-90  the  following 
formula  has  to  be  employed. 

Let  P — population  at  the  Census  of  1881,  and  rPr  population  at  the  Census  of 
1891,  and  r — “rate  of  increase”  per  unit  for  the  10  years,  then 

r P — P 

— — true  mean  population. 

r40  x Hyperbolic  Log.  r 

“ r ” is  found  to  be  ==  1T34738 


Therefore  the  formula  works  out  thus : 

6409  — 5648 


761 


= 6001-5 


1-003165  x 0-1264018  ~ 0-1268018 

Or,  the  same  result  is  obtained  from  the  arithmetical  mean  of  the  two  Census 
populations  by  dividing  it  by  the  factor  obtained  from  the  following  formula: 

r4~“  x (r  + 1)  x Hyperbolic  Log.  r _ L003165  X 2T34738  x 0T264018  _ 


2 (r  - 1) 


•27068874 

•269476 


2 (1-134738  — 1) 


- 1-004500 


There  has  been  no  real  need,  however,  for  working  out  either  ot  these  complicated 
formulae,  for  in  the  last  Decennial  Supplement  of  the  Registrar-General  there  is  given  a 
Table,  called  “Table  P,”  by  means  of  which  the  factor  obtained  by  the  last  formula  may  be 
deduced  for  any  rate  of  increase  or  decrease,  by  a simple  calculation. 

From  this  Table  P the  factor  corresponding  to  r = 1-134739  is  found  to  be  ~ 
1-004501 

and  1-0045O0  = 6001'5  ^°r  60°2') 


The  results  therefore  are  found  to  exactly  correspond. 

Having  thus  obtained  the  true  mean  total  population  number,  it  remains  to  get  the 
true  mean  numbers  for  the  different  age-groups  for  each  sex.  For  arriving  at  this  result 
several  methods  suggest  themselves. 

(1)  The  numbers  might  have  been  approximately  obtained  by  dividing  each  of  the 
arithmetical  means  of  each  age-group,  shown  in  Table  I,  by  the  same  factor  previously 
applied  to  the  arithmetical  mean  of  the  total  population,  viz:  1-004500. 

It  is  obvious  that  the  sum  of  the  numbers  thus  obtained  would  have  been 
equal  to  6001 -5. 

For  to  take  a simple  numerical  example:— ■ 

2 4 8 2+4+8 

2 + 2 + 2 2 

(2)  Another  way  would  have  been  to  deduce,  by  means  of  the  “ Table  P ” already 
referred  to,  the  separate  factors  of  correction  corresponding  to  the  respective  rates  of 
increase  or  decrease  in  each  of  the  age-groups  of  the  population,  and  then  to  divide  the 
respective  arithmetical  means  by  their  respective  factors.  It  may  be  open  to  some  doubt, 
however,  whether  the  same  law  of  constant  rate  of  increase,  which  is  true  when  applied 
to  the  ivhole  population,  may  be  equally  true  when  applied  to  some,  at  least,  of  the 
separate  age-groups. 
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(3)  The  method  which  has  been  finally  adopted  is  what  may  be  called  tbe 
“ method  of  mean  proportions.”  The  steps  in  this  are  as  follows  : — 

(a)  The  proportion  per  million  for  each  age  and  sex  group  of  the  population  is 
calculated  for  each  of  the  two  censuses. 

(ft)  The  assumption  is  made  that,  in  the  interval  between  the  two  censuses, 
the  proportion  in  each  age  and  sex  group  of  the  population  has  changed  uniformly — that  is 
supposing  in  some  particular  age-group  the  proportion  is  10  per  cent,  at  the  frst  census, 
and  20  per  cent,  at  the  second  census,  then  the  proportion  at  the  middle  of  the  10  years 
interval,  i.e.,. at  the  end  of  5 years,  would  be  15  per  cent.  Now  the  middle  of  the  10  years, 
1881-90,  as  has  already  been  pointed  out,  does  not  exactly  correspond  to  the  middle  of  the  inter- 
val between  the  two  censuses,  but  the  middle  of  the  10  calendar  years,  1881-90,  comes  at  4f 
years  after  the  first  census  (that  of  1881) — that  is,  we  have  to  take  Iff  of  the  total  change 
in  proportion  from  one  census  to  the  next.  A convenient  way  of  working  out  the 
calculations  is  this : — add  together  the  proportions  per  million  already  found  for  each 
age-group  for  the  two  censuses,  and  divide  by  2.  This  gives  the  mean  proportion  at 
the  end  of  5 years  after  the  earlier  census.  Take  the  difference  between  this  and  the 
proportion  at  the  earlier  census,  and  this  gives  the  change  of  proportion  in  5 years. 
If  the  proportion  has  been  an  increasing  one,  Ao  of  this  difference  must  be  subtracted  from 
the  mean  proportion  already  found,  and  if  it  has  been  a decreasing  one,  of  the  difference 
must  be  added  to  the  mean  proportion. 

(c)  Having  thus  found  the  proportion  per  million  for  each  age  and  sex  group 
at  4f  years  after  the  earlier  census,  it  is  easy  to  calculate  what  the  proportions  would 
be  in  tbe  total  population  of  6,002. 

The  numbers  thus  calculated  for  each  age  and  sex  group  are  given  in  Table  II. 

The  sum  of  the  numbers  in  the  male  age-groups  is  3,211-070,  and  of  the  numbers 
in  the  female  age-groups  2,790  591,  the  total  sum  being  6, 001-661.  Therefore  we  have  a 
total  mean  population  of  6,002,  consisting  of  3,211  males  and  2,791  females.  It  will  be 
noted  that  the  calculation  has  not  come  out  with  absolute  exactitude,  but  its  fractional 
differences  are  so  minute  as  to  be  negligible. 

In  order  to  see  how  the  respective  methods  suggested  work  out,  separate  calculations 
for  males  have  been  made  by  methods  (1)  and  (2),  and  the  results  have  been  compared 
with  each  other.  They  are  such  as  to  shew  that  method  (3)  which  has  been  adopted 
is  preferable  to  the  others.  To  economise  space  the  Table  of  comparision  has  been  left  out. 

II.— DEATHS. 

Having  now  dealt  with  the  population  numbers,  it  remains  to  explain  how 
the  numbers  in  the  Table  of  Deaths  (see  Table  III.)  have  been  arrived  at. 

Ihe  Monthly  Returns  of  the  District  Registrar  of  Births  and  Deaths  for  the 
10  years  have  been  carefully  gone  over  twice,  and  the  Deaths  classified  into  their  respective 
groups  according  to  ages  and  sexes.  Before  the  final  additions,  each  year’s  figures  have 
been  carefully  checked. 

There  are,  however,  the  following  points  to  be  alluded  to : — 

(a)  The  Deaths  of  the  inmate  Population  of  Haydock  Lodge  Asylum,  as  has  been 
already  explained,  have  been  excluded.  They  are  only  set  down  in  the  Table  to  show  still 
further  how  greatly  they  would  have  affected  the  results,  had  they  been  included.  I had 
considerable  trouble,  however,  in  a discrepancy  which  1 found  to  exist.  In  the  Registrar- 
General’s  Decennial  Report  the  number  of  Deaths  among  the  inmate  population  of 
Haydock  Lodge  Asylum  is  given  as  211  in  the  10  years,  1881-90,  whereas,  according  to  the 
Monthly  Returns  in  my  possession,  the  number  is  215.  By  the  further  help  of  Dr.  Cheetham, 
of  the  Asylum,  I was  enabled  to  identify  4 deaths  as  having  occurred  among  the  resident 
staff,  and  to  transfer  them  to  their  proper  groups  among  the  Haydock  deaths. 
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( b ) A certain  number  of  persons  died  in  Haydock  during  these  10  years  who 
properly  belonged  to  outside  districts.  These  were  chiefly  Deaths  of  coal-miners  meeting 
with  immediately  fatal  injuries  while  at  their  work,  or  Deaths  occurring  at  the  Cottage 
Hospital. 

These  have,  of  course,  to  be  excluded. 

(c)  On  the  other  hand  it  is  equally  necessary  to  include  Deaths  of  persons  properly 
belonging  to  Haydock,  but  dying  elsewhere.  This  has  been  done  in  so  far  as  is  possible. 
A Special  Return  has  been  obtained  from  the  Superintendent  Registrar  for  the  district,  of 
the  deaths  occurring  in  the  Workhouse  at  Warrington  of  former  Haydock  residents.  There 
remains,  however,  still  some  uncertainty  as  to  what  other  deaths  may  have  occurred 
in  other  districts  of  persons  properly  belonging  to  Haydock,  and  as  has  been  already 
pointed  out  in  the  text  of  the  preceding  Annual  Report,  until  something  corresponding  to  a 
“ Clearing-House  ” is  established  for  supplying  such  information  to  all  Medical  Officers 
of  Health,  this  uncertainty  must  always  be  a difficulty  in  the  way  of  securing  that  rigid  and 
minute  accuracy  which  is  so  greatly  to  be  desired. 

In  the  meantime  I can  only  remark  that  all  has  been  done  that  could  be  done 
to  secure  exactitude. 

The  foundations  of  the  Life-Table  have  now  been  laid  in  having  determined — 

(a)  The  true  mean  population  numbers  grouped  according  to  age  and  sex. 

(/>)  The  corrected  numbers  of  deaths  arranged  in  corresponding  groups. 

The  use  which  has  to  be  made  of  these  figures  is  to  find  out  what  is  the  chance 
or  probability  of  surviving  from  one  age  to  the  next. 

The  series  of  fractions  representing  these  probabilities  is  the  skeleton  or 
supporting  framework  on  which  the  whole  Life-Table  is  to  be  built  up.  Much  labour 
is  involved,  as  has  already  appeared,  in  laying  the  foundations  for  these  “probabilities,” 
but  when  once  they  are  calculated,  the  succeeding  labour,  which  is  also  by  no  means 
inconsiderable,  is  simply  a matter  of  routine  calculation. 

These  probabilities  are  to  be  worked  out : — 

(a)  Either  directly  from  the  Population  numbers  and  the  numbers  of  Deaths ; or, 

(, b ) Indirectly  from  the  “ rate  of  mortality  ” per  unit  or  per  thousand. 

Let  a case  first  be  considered  where  we  know  (1)  the  number  surviving  at  exactly 
a certain  age  at  the  beginning  of  the  year ; (2)  the  number  dying  during  the  year. 

To  take  a simple  numerical  example.  Suppose  there  are  10  infants  born  on  the 
same  day,  and  during  the  first  year  of  life  2 die,  there  would  be  8 chances  out  of  10  that  any 
individual  infant  would  live,  and  2 chances  out  of  10  that  the  same  infant  would  die. 
Thus  the  probability  of  surviving  to  the  end  of  the  first  year  of  life  would  be  represented  by 
the  fraction  1 = T\  — *8,  which  would  be  therefore  the  probability  of  surviving  from 

age  0 to  age  1 ; and  if  we  had  to  calculate  how  many  out  of  a million  at  birth  would  survive 
to  the  end  of  the  first  year  of  life,  it  would  be  done  by  multiplying  a million  by  the  fraction 
•8,  and  800,000  would  be  the  number  obtained,  or,  to  put  it  generally,  given  “ P ” the 
population  at  exact  age  at  the  beginning  of  the  year,  and  “d”  the  number  dying 

before  the  end  of  the  year,  then  the  chance  of  surviving  from  age  x to  age  x + 1 is 
represented  by  the  fraction  ?=-d. 

However,  the  population  numbers,  as  enumerated  at  each  Census,  do  not  give  us 
the  numbers  of  persons  at  the  beginning  of  the  several  years  or  age-periods,  but  the  number* 
at  all  ages  between  certain  fixed  points.  Thus,  if  according  to  the  Census  enumeration, 
10  children  are  returned  as  living  at  age  4-5 — this  means  that  they  are  of  any  age 
between  the  beginning  and  the  end  of  the  fifth  year  of  life.  Now  if  two  of  these 
children  are  returned  in  the  death  register  as  dying  at  age  4-5,  the  problem  of  calcu- 
lating the  chance  of  survival  becomes  more  complicated.  In  order  to  solve  it,  we  must 
assume  two  things. 
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(1)  — That  at  the  middle  of  the  year  the  average  age  of  these  children  is  years. 

(2)  — That  the  number  of  deaths  is  evenly  distributed  during  the  year,  half 

occurring  in  the  first  half  of  the  year,  and  half  in  the  second  half  of  the 
year. 


Now  on  these  assumptions  which,  when  large  numbers  are  dealt  with,  may  be  considered 
approximately  true  for  any  year  in  life  except  the  first,  the  number  of  survivors  at  the 
beginning  of  the  year  would  be  10  + 1,  and  at  the  end  of  the  year  10 — 1,  and  the 
chance  of  surviving  to  the  end  of  the  year  would  be  expressed  by  the  fraction 


10—1  _ 9 

10+1  ” 11 


•818181. 


And  if  we  wanted  to  calculate  how  many  out  of  a million  at  age  4 would 
survive  to  age  5,  it  would  be  done  by  multiplying  the  million  by  '818181,  the  result 
being  818181. 


To  put  the  thing  in  a general  form— If  “P”  be  the  number  returned  at  the 
Census  as  living  between  any  age  x and  the  next  age  x + 1,  they  must  be  considered 
to  be,  at  the  middle  of  the  year,  of  the  average  age  of  x + + and  if  “ d ” be  the 
number  of  deaths  for  the  year  at  age  x to  x + 1,  then  the  chance  of  surviving  from  age 

p i d 

x to  age  x + 1 is  expressed  by  the  fraction  ^ 


In  the  above  example  we  have  worked  directly  from  the  population  and  deaths, 

but  if  we  have  given  the  rate  of  mortality  per  unit  at  age  x to  x + 1,  which  we  may 

call  “ m,”  then  the  chance  of  surviving  from  age  x to  age  x + 1,  -is  expressed  by  the 
] 1 

fraction  - or,  if  we  have  given  the  death-rate  per  thousand,  which  we  may  call 

“ D,”  then  the  probability  cf  surviving  from  age  x to  age  x + 1 is  expressed  by  the  fraction 
1000—1  D 
1000+4  D 

It  will  be  obvious  that  these  two  last  fractions  are  really  only  different  ways  of 

p i 

expressing  the  fraction  p ~ 
have  already  been  deduced  from  “P”  and  “d.”  Thus,  m — fi 

After  these  very  long  preliminary  explanations,  it  remains  now  to  proceed  to 
calculate  from  the  data  the  probabilities  of  surviving  one  year  for  each  of  the  separate 
years  or  age-periods  of  life.  In  all  Life-Tables  it  is  necessary  to  make  these  calculations 
separately  for  the  first  five  years  of  life. 


^ as  the  rate  of  mortality  per  unit  or  per  thousand  will 


But  here  another  difficulty  arises.  Although  at  the  Census  enumerations  the 
numbers  are  given  of  those  living  for  each  of  the  years  from  0-1  to  4-5,  these  numbers 
are  found  to  be  altogether  unreliable.  There  is  so  much  misstatement  of  age,  that  more  are 
returned  as  surviving  at  some  of  the  later  ages  than  at  preceding  ages,  which  is 
impossible.  The  Census  numbers,  then,  have  to  be  discarded.  We  can  only  use  them 
to  determine  the  total  mean  population  for  the  age-period  0-5.  This  may  be  taken  as  a 
fixed  and  fairly  certain  basis  to  work  upon. 


Having  this  number  to  work  from,  the  numbers  living  at  the  separate  years 
from  0-1  to  4-5  have  to  be  determined  by  processes  of  calculations  from  the  numbers 
of  Births  and  Deaths  under  4 years  of  age,  returned  by  the  District  Registrar  for  the 
years  1870-80.  These  numbers  have  had  to  be  partly  obtained  by  a Special  Return  from  the 
Superintendent  Registrar.  They  are  given  in  Table  IV. 


The  following  is  an  explanation  of  the  method  to  be  employed:  — 

The  deaths  under  one  year  of  age  in  the  10  years,  1881-90,  must  necessarily 
occur  out  of  the  whole  number  born  in  the  9 years,  1881-89,  and  out  of  part  of  those 
born  in  the  year  1880  and  part  of  those  born  in  the  year  1890.  The  deaths  under  one 
year  in  the  10  years,  1881-90,  may  therefore  fairly  be  taken  as  occurring  out  of  4 Births 
in  1880  + Births  in  1881-89  + 4 Births  in  1890. 
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The  numbers  of  births  to  be  reckoned  should,  in  strict  accuracy,  be  exactly  those 
occurring  in  the  last  half  of  the  year  1880  + all  those  in  the  years  1881-89  + those 

occurring  in  the  first  half  of  1890;  but  as  the  returns  made  by  the  District  Registrar 

only  give  the  total  numbers  of  male  and  female  births  for  each  calendar  year,  it  has  to 
be  assumed  that  these  births  are  evenly  distributed  between  the  two  halves  of  the  year. 

In  the  same  way  the  deaths  under  1 year  in  the  10  years,  1880-89,  may  be 

taken  as  occurring  out  of  4 Births  in  1879  + Births  in  1880-88  + J Births  in  1889,  and 

subtracting  these  deaths  from  the  total  number  of  births  out  of  which  they  occurred, 
will  give  the  number  of  children  aged  1 year  out  of  whom  the  deaths  occurred  in 
1881-90  of  children  between  1 and  2 years  of  age. 

Proceeding  in  a similar  way  for  the  other  years,  the  following  results  are  obtained. 


CALCULATION  FOR  MALES. 

(1)  For  mean  annual  number  at  Birth  in  the  10  years,  1881-90. 

( Years  | 1880  + 1881-89  + 1 1890 
J 199^ 

j Numbers  57  + 1101  + 67  ~ 1225,  and  a — 122 '5 

(2)  For  mean  annual  number  at  1 year  of  age  in  the  10  years,  1881-90. 
From  Births  in — 

f Years  4 1879  + 1880-88  + J 1889 
\ Numbers  67’5  + 1093  + 61  = 1221-5 

deduct  deaths  under  1 year  in  10  years,  1880-89  — 172 

1 04-9  • 0 

remainder  — 1049b,  and  — jA—  — 104-95 

(3)  For  mean  annual  number  at  2 years  of  age  in  the  10  years,  1881-90. 
From  Births  in — 

f Years  4 1878  + 1879-87  + 4 1888 
j Numbers  69  + 1107  + 60'5  =:  1236-5 

deduct  deaths  under  1 year  in  1879-88  = 160 
and  deaths  from  1 to  2 years  in  1880-89  — 64 

remainder  — 1012-5,  and  n ^ — 101-25 


(4)  For  mean  annual  number  at  3 ytears  of  age  in  the  10  years,  1881-90. 


From  Births  in — 

j Years  4 1877  + 1878-86  + J 1887 
\ Numbers  59-5  + 1115  + 75  = 

deduct  deaths  under  1 year  in  1878-87  := 
and  deaths  from  1 to  2 years  in  1879-88  ~ 
and  deaths  from  2 to  3 years  in  1880-89  =r 

remainder  = 


1249-5 

166 

67 

25 

001 -5 

991-5,  and  ^ = 99-15 


(5)  For  mean  annual  number  at  4 years  of  age  in  the  10  years,  1881-90. 


From  Births  in — 

J Years  J 1876  + 1877-85  + 4 1886 
\ Numbers  72-5  + 1114  + 60  = 1246-5 

deduct  deaths  under  1 year  in  1877-86  = 160 

and  deaths  from  1 to  2 years  in  1878-87  — 67 

and  deaths  from  2 to  3 years  in  1879-88  r=  25 

and  deaths  from  3 to  4 years  in  1880-89  ~ 15 

remainder  r=  979-5,  and  A 


97-95 


...  tti 
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A precisely  similar  calculation  having  been  also  made  for  females,  the  following 
results  are  obtained  : — 


MALES. 

FEMALES. 

At  Birth  

122-5 

119-2 

,,  Age  1 

104-95 

106-7 

»,  Age  2 

101-25 

103/35 

..  Age  3 

99-15 

101-2 

,,  Age  4 

97-95 

100-5 

T otals  

525-80 

530-95 

It  must  be  carefully  noted  that  these  total  numbers  give,  not  the  population 
numbers  at  all  ages,  from  Birth  to  1,  from  1 to  2,  &c.,  but  the  numbers  actually  starting 
at  Birth,  at  1 year  of  age,  at  2 years  of  age,  &c. 

Now  the  numbers  arrived  at  from  the  Census  enumerations  (see  Table  II.)  as  the 
mean  total  population,  at  all  ages,  for  the  age-period  0-5,  are 

Males  ...  491-992 

Females  ...  ...  ...  ...  497-925 

These  numbers  represent  the  totals  given  by  calculation. in  the  above  table,  after  half 
a years  mortality,  as  well  as  somewhat  altered  by  migration,  that  is,  by  children  coming  or 
going  from  the  District. 

In  order  to  make  the  two  sets  of  figures  correspond— 

(1)  Either  the  calculated  numbers  in  the  table  must  be  brought  on  to  the  middle 
of  the  years  by  subtracting  half  the  mortality  for  the  several  years. 

(2)  Or  the  mean  census  population  numbers  must  be  carried  bach  half  a year  by 
restoring  the  numbers  who  have  died  in  the  first  half  of  the  years  of  life. 

The  latter  method  may  be  considered  the  best  to  adopt,  as  being  the  most  direct, 
and  as  enabling  us  to  make  the  calculation  of  the  chance  of  survival  by  the  more  simple 
formula  p ~ p 

At  age  0 — 1,  more  than  half  the  mortality  occurs  in  the  first  half  of  the  year  of  life ; 
thus  in  Haydock  during  the  10  years  1881-90,  out  of  a total  of  160  deaths  of  male  infants  at 
age  0 — 1,  114  were  under  six  months  of  age,  and  out  of  a total  of  147  deaths  of  female 
infants  at  age  0 — 1,  96  were  under  six  months  of  age.  At  each  of  the  other  years  it  may  be 
fairly  assumed  that  the  mortality  is  evenly  spread,  that  is,  half  in  the  first  six  months  and 
half  in  the  second  six  months  of  the  year  of  age.  So  that  for  males  (see  Table  III.)  the  half 

5-6  + 2-0  + 1-5+0-8 

year’s  mortality  among  children  at  age-period  0 — 5 has  been  11 -4 4 — 16‘35, 

2 

and  491-992+16-35  r=  508-342,  and  for  females  the  half  year’s  mortality  among  children  at 

5-3+2-6  + 1-7+0-7 

age-period  0 — 5 has  been  9’6  4 — 14-75,  and  497-925  + 14-75  =r  512-675. 

2 

The  differences  which  still  remain  between  the  numbers  525-80  and  508'342  for 
males  and  530-95  and  512-675  for  females,  will  represent  the  alterations  made  by  migration. 

To  eliminate  these  differences  the  numbers  508-342  for  males,  and  512-675  for 
females,  must  be  divided  up  proportionately  to  the  respective  numbers  which  collectively 
make  up  the  totals  of  525-80  and  530-95  in  the  table  obtained  by  direct  calculation  from 
the  numbers  of  births  and  deaths. 
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This  having  been  done  we  arrive  at  the  following  results: — 


Number  at  each  age  out 
of  whom  the  deaths  occurred. 

Number  of  deaths  during 
1881-90  in  each  year  of  age. 

AGE. 

MALES. 

FEMALES. 

MALES. 

FEMALES. 

At  Birth 

118-433 

115-097 

160 

14-7 

Age  1 

101-465 

103-027 

5-6 

5-3 

Age  2 

97-888 

99-793 

2 0 

2-6 

Age  3 

95-858 

97-717 

1-5 

1-7 

Age  4 

94-698 

97-041 

0-8 

0-7 

Totals 

508-342 

512-675 

25-9 

25-0 

From  this  table,  therefore,  it  is  obvious  that  the  facts  are  provided  for  directly 
calculating  the  probabilities  (or  chances)  of  survival  for  each  of  the  first  five  years  of  life 
by  the  formula  P^<1  that  is,  ^ ' ' = Probability  of  surviving  one  year. 

The  respective  chances  of  living  one  year  are  as  follows  : — 


MALES. 

FEMALES. 

At  Birth 

118-433—16 

—86491 

118-433 

115-097—14-7 

=-87223 

115-097 

At  Age  1 

101-465—5-6 

= •94481 

101-465 

103-027—5-3 

= ■94855 

103-027 

At  Age  2 

97-888—2 

= -97957 

97-888 

99-793—2-6 

= -97395 

99-793 

At  Age  3 

95-858-1-5 

= ■98435 

95-858 

97-717-1-7 

= -98261 

97-717 

At  Age  4 

94-698  - 0-8 

—99155 

94-698 

97-041—0-7 

- = -99279 

97-041 

I cannot  pretend  to  have  arrived  at  full  comprehension  of  these  last  somewhat 
complicated  processes  of  calculation  by  my  own  unaided  efforts.  I had  to  some  extent 
understood  them  by  reading  the  introduction  to  Dr.  Tatham’s  Manchester  Life-Tables,  but, 
for  having  finally  obtained  a clear  mental  vision  of  the  reasons  and  methods  of  the  calculations, 
I am  indebted  to  help  personally  given  to  me  by  Mr.  A.  C.  Waters,  of  the  General  Register 
Office,  who  has  done  the  work  of  calculating  the  recently  issued  Life-Tables  for  England  and 
Wales,  and  to  whom  I cannot  be  sufficiently  grateful  for  having  taken  considerable  trouble 
in  giving  me  lucid  explanations  of  my  difficulties.  Not  only  on  this  point,  but  on  others  to 
be  hereafter  alluded  to  he  has  given  me  help  most  invaluable. 

For  the  remaining  age-periods  the  probabilities  of  survival  have  to  be  worked  out, 
at  least,  in  the  first  instance,  in  groups  of  years,  from  the  true  mean  numbers  of  the  living  at  all 
ages,  as  deduced  from  the  Census  enumerations,  and  the  numbers  of  deaths  returned  as 
having  occurred  at  the  same  age-periods. 

When  these  are  determined,  it  remains  to  be  considered  whether  to  make  a complete 
Life-Table,  that  is,  one  for  every  separate  year  of  Life,  or  whether  to  proceed  by  what  is 
called  the  “short”  method,  that  is,  to  construct  a Life-Table  in  which  the  mean  chances  of 
of  surviving  one  year  during  each  of  the  respective  age-periods,  are  taken  as  being  true  for 
each  year  of  the  respective  age-periods. 
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The  labour  involved  in  making  a complete  Life-Table  is  very  great  indeed,  as  the 
separate  probabilities  of  survival  for  the  respective  years  of  each  age-period  have  to  be,  as  it 
is  termed,  “ interpolated  ” in  one  or  other  of  two  ways. 

(a)  By  the  “ method  of  finite  differences  ” applied  to  the  logarithms  of  the  numbers 
of  Population,  and  of  Deaths,  as  existing  at  the  fixed  points,  at  the  beginning  and  end  of 
each  age-period.  This  is  also  called  the  “ analytical  ” method,  and  involves  calculations  of 
exceeding  difficulty  and  labour. 

( b ) By  the  “graphic”  method  in  which  the  numbers  for  the  separate  years  are 
determined  by  a process  of  geometrical  construction,  which  consists  in  drawing  “ curves  ” 
through  a series  of  parallelograms  which  have  been  drawn  to  scale.  This  also,  while  to  those 
skilled  in  its  use  it  may  be  an  easier  and  shorter  method  than  the  former  one,  is  one  not  to 
be  contemplated  lightly  by  a beginner. 

Had  there  been  any  adequate  advantage  to  be  gained  by  it,  I was  prepared  to  have 
undertaken  the  work  by  one  or  other  of  these  methods. 

However,  I had  the  advice  given  by  Mr.  A.  C.  Waters  that  for  so  small  a population 
the  labour  of  doing  this  would  have  been  thrown  away. 

When  the  “short”  method  is  adopted,  first  devised  by  Dr.  Farr,  10-yearly  periods 
are  taken  at  least  after  the  age  of  25.  A method  a little  more  elaborate  is  to  take  5-y early 
periods. 

While  the  short  method  by  10-yearly  periods  gives  approximately  true  results,  as  to 
the  correct  “ expectation  of  life  ” at  the  earlier  ages,  later  on,  and  especially  after  the  age  of 
60,  it  gives  results  considerably  too  high. 

To  take  a simple  numerical  example  in  illustration  of  this  point. 

Suppose  that  there  are,  at  the  age  of  65,  survivors  numbering  16,  and  that  the 
probability  of  surviving  1 year  for  each  of  the  years  to  age  75  has  been  calculated  as  '87055. 

Then  the  number  of  survivors  at  age  75  would  have  to  be  calculated  by  multiplying 
16  by  the  fraction  '87055  ten  times,  that  is  by  ('87055)10' 

By  the  aid  of  logarithms  the  value  of  the  10th  power  of  '87055  is  readily  found  to  be 
0'25  or  L The  number  of  survivors  at  age  75  would  then  be  16  X \ — 4. 

In  reckoning  up  the  total  number  of  years  lived  through  during  the  10  years,  we 
have  first  of  all  4 who  have  survived  to  the  end,  and  they  will  have  lived  collectively 
4 x 10  = 40  years.  We  must  suppose  then  that  the  12  who  have  died  during  the  interval  have 
on  the  average  lived  through  half  the  interval,  so  that  they  will  have  collectively  lived 
12x5=:  60  years.  Adding  these  to  the  40  we  get  40  + 60  = 100  years,  as  the  total 
number  of  years  lived  through  by  a mean  population  of  — 10  persons  during  the  ten 
years. 

Now,  if  the  probabilities  of  survival  have  been  separately  calculated  for  the  5-yearly 
intervals  65-70  and  70-75,  the  former  will  be  found  to  be  somewhat  greater,  and  the  latter 
somewhat  less  than  '87055,  but  the  mean  probabilities  for  the  two  periods  will  perhaps  not 
greatly  differ  from  '87055. 

To  find  the  number  of  survivors  at  age  70,  the  number  16  must  be  multiplied  five 
times  by  the  fraction  of  probability,  that  is,  by  ('87055)5,  The  value  of  this  expression  is 
found  to  be  0'5  or  J.  The  number  of  survivors  at  age  70  will  be  therefore  16  x l — 8.  And 
in  the  same  way  the  number  of  survivors  at  age  75  will  be  8 x J.  = 4.  In  calculating  the 
total  years  oi  life  lived  through  during  the  age-period  65-70,  we  must  of  course  allow  5 years 
lor  each  ol  the  survivors  at  the  end  ol  the  period,  and  2J  years  for  those  who  die  during  the 
period,  or  what  comes  to  exactly  the  same  thing,  allow  5 years  each  to  the  mean  number 
living  during  the  period. 


c 
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The  result  will  work  out  thus : — 

Years  of  life  lived  through  1 16  + 8 

during  the  age-period  z=  — 12,  and  12  X 5 — 60. 

65—70.  J 2 

Years  of  life  lived  through  1 8 + 4 

during  the  age-period  • rr  pr  6,  and  6 X 5 — 30. 

70—75.  j 2 

The  sum  of  60  + 30  — 90,  a less  result  by  10  than  by  calculating  for  the  10  years  by 
one  stage. 

It  is  therefore  much  better  to  work  out  the  Life-Table  for  5-yearly  periods,  as  a 
nearer  approximation  to  the  perfect  results  of  a complete  Life-Table  is  thus  obtained. 

Here  again,  however,  another  of  the  difficulties  so  constantly  arising  in  this  work  is 
met  with. 

There  is  a very  great  tendency,  especially  at  the  later  periods  of  life,  for  ages  to  be 
stated  “in  round  numbers,”  both  at  the  Census  enumerations,  and  in  the  Death  registers;  so 
that  ages  are  stated  to  be  50,  60,  or  70  as  the  case  may  be,  when  in  reality  they  are  above  or 
below  these  even  numbers. 

Therefore  if  the  probabilities  of  survival  are  directly  calculated  from  the  numbers  of 
Population  and  of  Death  returns  for  these  even  ages,  the  results  are  unreliable.  In  both  of 
two  previous  complete  Life-Tables  for  5-yearly  periods  which  I had  worked  out,  and  had  in 
succession  to  discard  as  imperfect,  I had  calculated  the  probabilities  at  the  even  ages  from 
the  Census  population  and  Death  returns  without  correction,  and  the  results  were“  rugged.” 

In  this  third  attempt  I have  employed  a method  for  the  knowledge  of  which  I am 
again  indebted  to  Mr.  A.  C.  Waters,  who  not  only  told  me  of  the  method  but  fully  explained 
how  to  use  it. 

This  method  may  therefore  be  considered  to  be  as  perfect  a compromise  as  can  be 
made  between  the  crudeness  of  the  “ short  ” Life-Table  for  10-yearly  periods,  and  the 
perfection  of  a complete  Life-Table,  which  involves  such  enormous  labour  in  its  construction. 

For  the  sake  of  brevity,  explanation  will  only  be  given  of  the  method  as  applied  to 
the  Male  section  of  the  Life-Table,  it  being  understood  that  the  data  provided  for  the  Female 
section  have  been  dealt  with  in  exactly  the  same  way. 

It  should  be  clearly  understood  at  the  outset  that  although  the  Population  and 
Death  figures  for  the  even  ages  are  to  be  obtained  by  an  elaborate  calculation,  the  total 
numbers  between  the  fixed  points  5-15,  15-25,  25-35,  etc.,  are  not  at  all  altered.  They 
are  simply  each  distributed  into  two  portions,  5-10  and  10-15,  etc.,  in  such  proportions  as 
certainly  give  a much  nearer  approximation  to  the  truth  than  is  given  by  the  crude 
recorded  numbers. 

The  calculation  may  be  briefly  described  as  a simple  application  of  the  same 
“ method  of  finite  differences  ” which,  in  a much  more  elaborate  and  complicated  form,  is 
used  in  “ interpolating”  the  numbers  for  the  separate  years  in  the  complete  Life-Table. 

The  method  may  be  applied  either  to  the  Population  and  Deaths  separately,  or  more 
conveniently  to  the  Population  and  Deaths  combined,  as  then  the  resulting  numbers  will  at 
once  enable  the  probabilities  of  survival  to  be  calculated  by  the  formula  already  described, 
P — id 


P + id 
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First  of  all  from  Tables  II.  and  III.  the  numbers  of  the  living  and  of  the  dying 
at  the  10-yearly  age  periods  are  to  be  set  down  as  follows : — 


MALES. 

Ages. 

Mean  Population. 

Mean  Annual  Deaths. 

5—15 

805-820 

3-4 

15—25 

646-598 

1-7 

25—35 

499-645 

2-7 

35-45 

336-092 

4-1 

45—55 

| 

217-158 

3-8 

55—65 

137-451 

4-4 

65—75 

62-720 

5-5 

75—85 

13-036 

2-6 

85—95 

0-558 

0-5 

Then  by  simple  addition  and  subtraction  the  above  figures*  are  combined 
as  follows  : — 


Ages. 

Population  -f-  ^ Deaths. 

Population  — j Deaths. 

5—15 

807-520 

804-120 

15—25 

647-448 

645-748 

25-35 

500-995 

498-295 

35—45 

338-142 

334-042 

45—55 

219-058 

215-258 

55—65 

139-651 

135-251 

65—75 

65-470 

59-970 

75—85 

14-336 

11-736 

85—95 

0-808 

0-308 

The  next  step  is  to  construct  from  the  above  numbers  two  other  columns  by 

successive  additions , beginning  from  below. 


Symbol  for  each 
number. 

Poimlation  -|-  | 
Deaths. 

Population  — j 
Deaths. 

At  age  5 and 

upwards 

% 

2,733-428 

2,704-728 

„ 15  „ 

5 f 

Ulo 

1,925-908 

1,900-608 

,,  25  ,, 

i f 

U26 

1,278-460 

1,254-860 

„ 35  „ 

J ) 

U3o 

777*465 

756-565 

„ 45  „ 

J J 

U45 

439-323 

422-523 

„ 55  „ 

> J 

^55 

220-265 

207-265 

,,  65  „ 

J > 

U65 

80-614 

72-014 

„ 75  „ 

J f 

U75 

15-144 

12-044 

„ 85  „ 

i J 

«85 

0-808 

0-308 

It  will  now  be  easily  apparent  that  if  by  any  process  of  calculation  we  can 
“interpolate,”  in  the  spaces  between  the  above  numbers,  the  means  corresponding  to  u10, 
u20,  u30,  and  so  on  to  the  bottom  of  each  column ; then  by  successive  subtractions  beginninq 
from  the  top , we  shall  obtain  the  intercepted  numbers  corresponding  to  age  5 — 10,  age 
10 — 15,  age  15 — 20,  age  20 — 25,  &c. 
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Now  there  are  various  ways  in  which  such  “means”  might  be  calculated,  from  the 
most  simple  to  the  most  complex. 

(1)  u5  and  u15  might  be  simply  added  together  and  the  sum  divided  by  2.  This 
would  give  the  “ arithmetical  mean.” 

(2)  The  Logarithms  corresponding  to  u5  and  u16  might  be  added  together,  and  their 
sum  divided  by  2.  The  corresponding  number  to  the  resulting  Logarithm  would  be  the 
“geometric  mean.”  This  is  the  “ method  of  mean  squares.” 

If  we  were  dealing  only  with  a series  of  two  numbers,  the  intermediate  term  would 
have  to  be  found  by  one  or  other  of  these  two  methods. 

But  if  we  have  a series  of  four  terms,  a more  accurate  mean  to  the  two  middle 
terms  of  the  series  can  be  obtained  by  a calculation  based  on  all  four  terms  of  the  series. 

Thus,  having  given  the  four  terms,  u5,  u15,  u25,  u35,  the  “ method  of  finite  differences  ” 
gives  the  following  formula  for  finding  u20 : — 

9 1 

U2o  = ~ (Ui6  + u2o) (u6  + u35) 

16  16 

or,  this  formula  may  be  expressed  in  a simpler  form  for  working  with,  as  follows : — 

_ 10  (u16  + u25)  — (u5  + u15  + u25  + u35) 

U20  — 

16 

That  is  to  say  : — Take  ten  times  the  sum  of  the  two  middle  terms,  and  subtract  from 
this  the  sum  of  all  four  terms ; then  one-sixteenth  of  the  remainder  is  the  centre  term,  u20, 
required. 

(3)  This  formula  applied  to  the  numbers  gives  a modified  arithmetical  mean. 

(4)  The  same  formula  applied  to  the  Logarithms  of  the  numbers,  gives  a modified 
geometrical  mean,  and  is  the  method  to  be  preferred  as  being  the  most  exact. 

The  next  step  therefore  is  to  translate  the  numbers  of  the  preceding  Table  into 
their  corresponding  Logarithms,  and  to  put  them  in  a column  leaving  a blank  space 
between  each  pair,  and  then  to  interpolate  Logarithms  in  the  blank  spaces  by  the 
following  formula : — 

10  (Log.  u15  + Log.  u25)  — (Log.  u5  + Log.  u15  + Log.  u25  + Log.  u35) 

Log.  u20  rz 

16 

and  so  on  to  Log.  uro,  &c.,  the  numbers  indicating  the  terms  of  the  series  being  successively 
altered  by  the  addition  of  10  to  each. 

It  will  be  obvious,  however,  that  this  formula  cannot  be  applied  to  obtain  Log.  u10 
and  Log.  u80,  as  they  are  too  near  respectively  to  the  beginning  and  ending  of  the  series. 
They  may  be  obtained,  however,  by  the  following  formulae  (leaving  out  the  prefix' of  Log. 
to  each  term). 

W + u25 

u10  = 1-  1J  u15  — u20 

4 

u85  + u(15 

Wo  = b H u75  — u70 

4 

It  will  be  apparent,  therefore,  that  these  formulae  cannot  be  applied  until  u2uand  u70 
have  been  already  calculated  by  the  preceding  formula. 

All  the  above  formulae  are  original  ones  devised  by  Mr.  A.  C.  Waters. 
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It  will  serve  no  useful  purpose  to  put  down  the  actual  figures  of  the  Logarithms.  It 
must  he  taken  for  granted  that  they  have  been  worked  out,  and  finally  translated  back  into 
their  corresponding  numerical  values.  This  having  been  done  the  following  series  of 
numbers  are  obtained.  It  must  be  borne  in  mind  that  the  symbol  u5  means  at  age  5 and 
upwards,  and  so  on. 


POPULATION  + t DEATHS 

POPULATION  — 1 DEATHS. 

Symbol. 

N umbers 
corresponding 
to  Logarithms. 

Age-periods. 

Intercepted 
numbers  for 
each  age-period 
obtained  from 
preceding 
column  by 
successive 
subtractions 
beyinning  fr*,m 
the  top. 

Symbol. 

Numbers 
corresponding 
to  Logarithms. 

Age  periods. 

Intercepted 
numbers 
obtained  from 
preceding 
column  by 
successive 
subtractions 
beginning  from 
the  top. 

11 5 

2733-428 

5—10 

425-912 

U5 

2704-728 

5-10 

423-770 

Uio 

2307-516 

10-15 

381-608 

uio 

2230-958 

10—15 

380-350 

u15 

1925-908 

15—20 

342-265 

Ul5 

1900-608 

15,-20 

341-410 

u20 

1583-643 

20—25 

305-183 

n20 

1559-198 

20—25 

304-338 

11 25 

1278-460 

25—30 

271-400 

U20 

1254-860 

25—30 

270-253 

U30 

1007-060 

30-35 

229-595 

U30 

984-607 

30—35 

228-042 

U35 

777-465 

35—40 

185-941 

U35 

756-565 

35 — 40 

183-839 

1140 

591-524 

40—45 

152-201 

u40 

572-726 

40—45 

150-203 

ll45 

439-323 

45—50 

119-688 

"46 

422-523 

45—50 

117-684 

11  SO 

319-635 

50—55 

99-370 

11 50 

304-839 

50—55 

97-574 

U55 

220-265 

55—60 

78-580 

U55 

207-265 

55—60 

76-594 

1160 

141-685 

60—65 

61-071 

u60 

130-671 

60—65 

58-657 

1 

lies 

80-614 

65-70 

41-791 

u65 

72-014 

65—70 

38-956 

1170 

38-823 

70—75 

23-679 

U70 

33-058 

70—75 

21-014 

U75 

15-144 

75—80 

10-896 

u76 

12-044 

75—80 

9-427 

1>80 

4-248 

80-85 

3-440 

U80 

2-617 

80—85 

2-309 

H85 

0-808 

85—90 

0-808 

U85 

0-308 

85—90 

0-308 

From  this  form  of  calculation  it  will  easily  be  seen  that  if  2733‘428  be  the  total 
number  of  population  + J deaths  from  age  5 upwards,  and  if  2307‘516  be  the  total 
corresponding  number  from  age  10  upwards,  then  2733T28  — 2307,5l6  = 425'912  will  be 
the  number  required  for  the  Age-period  5 — 10,  and  so  on. 

It  will  also  be  evident,  that  as  425-912  + 381-608  807-520,  which  is  the  total 

number  for  Age-period  5 — 15,  with  which  we  started  as  a fixed  point,  that  there  has  been  no 
interference  with  the  foundation  numbers — but  only  a more  even  distribution. 

It  will  also  be  apparent  that  after  these  devious  wanderings  through  mazes  of 
figures,  we  have  at  last  the  numbers  required  for  calculating  the  probabilities  of  surviving 
one  year  for  each  of  the  5-yearly  periods. 

Thus  by  the  formula  — +- --  the  chance  of  living  one  year  during  the  age-period, 

423-770 

5 — 10,  is  found  by  the  fraction  = -99497.  Similarly  the  chance  of  survival  for  one 

425-912 

380- 350 

year  during  the  age-period,  10 — 15,  is  z=  -99672. 

381- 608 
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The  remaining  chances  of  living  one  year  (for  males)  have  been  similarly 
calculated.  Corresponding  calculations  having  also  been  made  for  females,  all  the  chances 
of  survival,  which,  as  has  been  already  explained,  are  the  foundations  on  which  the  whole  Life- 
Table  is  to  be  built  up,  are  to  be  found  set  down  in  parallel  columns  in  the  third  section  of 
the  Life-Table  “ for  Males  and  Females.” 

A brief  explanation  may,  therefore,  now  be  given  of  the  way  in  which  the  Life-Table 
proper  is  to  be  constructed.  It  may  be  said,  Loo,  that  all  these  calculations,  which  appear 
so  formidable  on  first  view,  are  to  be  made  with  ease,  when  once  a facility  is  acquired  in  the 
use  of  Tables  of  Logarithms. 

It  is  usual  to  construct  the  Life-Table  in  three  sections  : — 

I.  for  Males.  II.  for  Females.  III.  for  Males  and  Females. 

To  start  with  Section  I.,  for  Males. 

A blank  sheet  of  paper  is  taken  and  ruled  into  7 columns,  with  the  following 
headings  : — 

1 —  Age,  Below  this  heading  the  numbers  0,  1,  2,  3,  4,  5,  10,  Ac.,  are  placed. 
It  must  be  carefully  noted  that,  as  applied  to  the  figures  in  the  remaining  columns, 

these  numbers  may  have  to  be  read  “at  Birth,”  “at  Age  1,”  “at  Age  2,”  Ac.,  in  the  case  of 
column  3,  or  “the  year  from  Birth  to  Age  1,”  “the  year  from  Age  1 to  Age  2,”  Ac. — that  is 
0 — 1,  1 — 2,  Ac. — and  then  afterwards  5 — 10,  10—15,  Ac.,  in  the  case  of  columns  2,  4,  5,  and  6. 

2 —  Number  dying  in  each  year  or  Age-period  of  5 Years.  The  symbol  for 
this  is  “ dx.”  This  column  would  more  logically  come  after  the  next  column,  as  the 
numbers  of  the  dying  cannot  be  calculated  until  we  know  the  numbers  of  the  living. 
dx  — lx  - l{x+,)  that  is  the  number  dying  during  age  0 — 1,  is  equal  to  the  number  at  birth 
minus  the  number  surviving  at  age  1.  But  it  is  customary  for  the  sake  of  convenience  to 
place  it  in  this  order. 

3 —  Number  supposed  to  have  been  originally  born,  and  number  surviving 

AT  EACH  AGE  (THAT  IS,  AT  THE  BEGINNING  OF  EACH  YEAR  OR  AgE-PERIOD  OF 

5 Years).  The  symbol  for  this  column  is  “ lx 

4 —  Mean  population  living  in  each  year  or  Age-period  of  5 Years. 


The  symbol  for  this  column  is  “ Px.”  In  the  case  of  intervals  of  one  year  P“  — 


lx  + 


When  the  intervals  are  5-yearly,  P* 


Jx  pX+5) 
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That  is,  the  mean  number  living  during  the  year  or  age-period  is  an  arithmetical 
mean  between  the  number  at  the  beginning  and  the  number  at  the  end  of  the  year  or 
age-period. 

5—  Years  of  life  lived  in  each  year  or  Age-period  of  5 Years. 

In  the  case  of  1-year  intervals  the  numbers  in  this  column  are  identical  with  those 
of  column  4 (except  in  the  case  of  the  year  0 — 1),  so  that  in  the  complete  Life-Tables,  one 
column  does  for  both  “ Population  ” and  “ Years  ol  life  lived.”  But  when  5-yearlv  periods 
are  taken  the  number  in  column  4 has  to  be  multiplied  by  5,  to  get  the  number  for  column  5. 

(I  have  the  authority  of  Mr.  A.  C.  Waters  for  saying  that  the  difficult  problem  of 
arriving  at  the  true  number  of  years  of  life  lived  in  5-yearly  periods  is  more  correctly  solved 
by  taking  the  simple  arithmetical  mean  than  by  some  more  elaborate  ways.  It  would 
occupy  too  much  space  to  go  into  a detailed  mathematical  discussion  on  this  point.)  (As  an 
afterthought,  some  remarks  relating  to  this  question  have  been  inserted  at  the  end.) 

6 —  Sum  of  the  years  of  life  lived  IN  each  year  or  Age-period  AND 
AFTERWARDS  TO  THE  END  OF  THE  TABLE. 

This  column  cannot  be  constructed  until  the  preceding  column  is  completed.  It 
may  then  be  constructed  (1)  either  by  adding  up  all  the  numbers  in  column  5 and  placing 
the  sum  opposite  age  0,  and  then,  beginning  at  the  top,  successively  subtracting  the 
individual  numbers  in  column  5,  or,  (2)  by  successive  additions  of  column  5 beginning 
from  below.  The  result  is  in  either  case  the  same. 

The  symbol  for  this  column  is  “Qx.” 


7— “ Mean  after  lifetime”  or  mean  expectation  of  Life. 

Q* 

Symbol  E-c , and  E*  — — 

lx 


That  is,  if  we  know  the  whole  number  of  years  lived  through  in  a certain  age  and 
afterward s to  the  end  of  life  by  a certain  number  of  individuals,  the  division  of  this  number 
by  the  number  who  collectively  lived  the  years  will  give  the  mean  after  lifetime. 

Being  now  provided  with  the  sheet  of  paper  ruled  into  columns  with  the  headings 
just  indicated,  it  only  remains,  before  proceeding  with  the  work,  to  determine  with  what 
number  of  Male  infants  we  shall  start,  or  suppose  to  be  born  on  the  same  day.  It 
really  does  not  matter  in  so  far  as  the  ultimate  results,  to  be  obtained  in  column  7,  are 
concerned,  what  number  is  taken.  But  for  the  sake  of  being  able  to  easily  construct  the 
third  section  of  the  Life-Table,  it  is  convenient  to  divide  up  a Million  infants  in  the 
proportions  of  the  total  Male  and  Female  Births  which  have  happened  in  the  District 
during  the  10  years. 

For  Hay  dock  these  numbers  are — 

Births  in  the  10  Years  1881 — 90. 


Males 1,235"! 

I 

Females 1,189  V 

Total 2,424 


Corresponding  to — 


f ...509,488 

I 

\ ...490,512 


1,000,000 


Therefore,  first  of  all  the  number  509,488  is  set  down  in  3rd  (or  lx ) column  of  the 
blank  Male  Life-Table. 

According  to  the  form  of  the  Table,  just  as  in  a building  the  foundations  are  out 
of  sight,  or  as  in  the  human  body  the  supporting  skeleton  is  not  visible,  so  the  “probabilities 
of  survival,”  to  avoid  needless  repetition,  are  only  set  down  in  the  third  section  of  the 
Life-Table.  We  are  already  provided  with  the  Logarithms  corresponding  to  these 
probabilities  (the  px  numbers)  for  they  have  been  first  of  all  obtained  in  the  form  of 
Logarithms,  before  they  have  been  translated  into  common  numbers. 


So  the  first  calculation  is — 

Numbers.  Logarithms. 


509,488  = 5-7071255 

x -86491  = + 1-9369684 

440,650  = 56440939 


It  is  most  convenient  to  proceed  with  this  series  of  calculations  right  on  to  the 
bottom  of  the  third  (or  lx)  column,  adding  in  succession  the  several  Logarithms  and 
translating  the  results  into  their  corresponding  numbers,  and  to  finally  carefully  check  the 
numbers,  for  it  is  very  disastrous,  as  I know  to  my  cost,  to  afterwards  find  errors,  which 
make  it  necessary  to  do  a good  part  of  the  work  over  again. 

When  the  5-yearly  periods  are  reached,  5 times  the  Logarithm  of  the  chance  of  surviving 
one  year  must  he  used.  It  must  be  carefully  noted,  between  which  two  separate  years,  the 
original  number  is  reduced  to  exactly  one  half. 

The  last  number  39  in  this  column,  in  order  to  make  the  Life-Table  correspond  with 
the  observed  facts  of  the  Census  enumerations,  lias  not  been  derived  from  calculation  from 
its  preceding  number  4,842  but  by  a proportionate  calculation.  If  so  many  survive  at 
age  90  out  of  a mean  total  male  population  of  3,211,  how  many  would  survive  out  of  509,488 
And  then  as  according  to  the  census  returns  no  males  were  found  to  be  living  at  age  95, 
these  39  have  all  had  to  die  during  the  age-period  90 — 95. 

Having  now  calculated  and  verified  all  the  numbers  in  this  column,  the  construction 
of  columns  2,  4,  and  5,  may  be  proceeded  with. 

The  number  dying  during  age  0 — 1 is  found  by  subtracting  440,650  from  the  original 
number  509,488  and  — 68,838,  so  this  number  is  set  down  at  age  0 — 1 in  the  second 
column,  and  so  on. 
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It  will  be  apparent  that  the  total  of  the  numbers  in  column  2,  should  be  exactly 

509,488. 

Then  for  column  3,  509,488 -f  440, 650_  475;069  is  the  first  number  to  set  down  in 

column  4.  For  this  age  0 — -1,  we  cannot  allow  so  much  as  an  average  of  half-a-year  for  the 
68,838  who  have  died  during  this  year,  as  a much  larger  number  of  Infants  die  during  this 
first  year  under  6 months  of  age  than  over  6 months. 

The  calculation  has  to  be  made  from  the  observed  fact  that  the  mean  age  at 
death,  of  the  160  Male  Infants  who  died  in  Haydoek  during  the  10  years  1881-90,  was 
3'8275  months.  So  that  for  the  68,838  Male  Infants  who  die  in  the  Life-Table  during  age 
0 — 1,  we  must  allow  3'8275  mns.  x 68,838  = 21,956  years,  instead  of  the  34,419  years  to 
which  they  would  have  been  entitled  at  the  rate  of  half-a-year  each.  Therefore  440,650 
+ 21,956  = 462,606  is  the  number  to  be  set  down  first  in  column  5.  For  the  remaining 
single  years  of  life  the  numbers  in  column  5 will  exactly  correspond  with  those  in  column  4 
and  when  the  5-yearly  periods  are  reached  the  numbers  in  column  5 will  be  those  in 
column  4,  multiplied  by  5. 

As  has  been  already  explained  this  comes  to  the  same  thing  as  allowing  an  average 
of  half-a-year  of  life  to  those  dying  in  the  single  years,  and  of  2J  years  of  life  to  those  dying  in 
the  5-yearly  periods. 

Full  explanations  have  already  been  given  of  the  mode  of  calculating  the  figures 
in  columns  6 and  7,  so  that  at  last  this  part  of  this  Life-Table  is  finally  completed. 

The  Female  section  of  the  Life-Table  is  constructed  in  exactly  the  same  way.  As 
the  147  Female  Infants  who  died  in  Haydoek  during  the  10  years  1881-90  were  found  to 
have  a mean  age  at  death  of  4T95  months,  the  first  number  in  column  5 is  obtained  by  adding 
4T95  months  x 62,648  — 21,901  years  to  427,864  (the  number  of  survivors  at  age  1)  the  sum 
being  449,765  years. 

The  last  number  36  in  the  lx  column  is  obtained  by  a proportionate  calculation 
similar  to  that  described  for  the  Male  Life-Table.  And,  although  from  the  Census  enumera- 
tion it  is  possible  that  some  of  them  may  have  lived  to  be  over  100  years  of  age,  they  have 
been  summarily  disposed  of  before  reaching  that  age ; as  from  the  merely  fractional  mean 
numbers  deduced  from  the  Census  enumerations  no  reliable  probabilities  of  survival  could 
be  calculated. 

As  regards  the  third  section  of  the  Life-Table  for  Males  and  Females.  In  order  to 
make  comparison  between  the  numbers  of  survivors  of  each  sex,  out  of  an  equal 
number  at  Birth,  separate  calculations  have  been  made  for  Males  and  Females  starting 
with  a million  of  each  sex  at  Birth. 

These  calculations  have  the  further  advantage  of  checking  the  similar  calculations  in 
column  3 of  the  Male  and  Female  sections  of  the  Life-Table.  So  that  it  is  desirable  to  have 
gone  through  them  before  having  proceeded  further  with  the  remaining  columns  of  the 
separate  Male  and  Female  Tables. 

The  third  lx  column  is  simply  obtained  by  adding  together  the  numbers  of  survivors 
at  the  respective  ages,  in  the  Male  and  Female  separate  Tables. 

In  the  same  way  the  combined  Qx  column  is  obtained,  so  that  if  desired  the  formula 

Qx 

E1'  = — can  be  applied  so  as  to  get  the  mean  “ expectation  of  life  ” for  Persons. 

lx 

It  is  obvious  by  mere  inspection  that  at  Birth  the  mean  “expectation  of  life”  for 
Persons  is  46-55  years. 

In  this  connection  it  may  be  noted  that  it  is  remarkable  how  close  an  approximation 
to  the  above  number  is  to  be  obtained  by  the  application  of  a very  simple  formula  devised 
by  the  late  Dr.  Farr,  for  calculating  the  mean  “expectation  of  life”  at  Birth  from  the  Birth- 
rate and  Death-rate  when  these  rates  are  calculated  on  the  true  mean  population. 
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Calling  the  Birth-rate  B,  and  the  Death-rate  D,  according  to  the  formula,  “expectation 

2 1000  1 1000 

of  life”  at' Birth  — — x 1 x 

3 D 3 B 

Now  calculated  on  the  true  mean  population  of  6,002,  the  mean  annual  Birth-rate 
for  Haydock  during  the  decennium  1881-90  was  4039  per  1,000,  and  the  Death-rate  17-38. 

2 1,000  1 1,000 

and  — X 1 X — 46-61  years. 

3 17-38  3 40-39 

a difference  of  only  0-06  from  the  number  calculated  from  the  Life-Table. 

The  Life-Tables  are  now  completed.  The  “ two-foot  rule  ” is  provided,  and  it  is 
possible  now  to  use  it  in  making  measurements  and  comparisons. 

The  practical  uses  of  a Life-Table  when  finished  are  to  make  comparisons  in  three 
different  ways  with  the  corresponding  numbers  in  other  Life-Tables. 

I.  The  probabilities  of  survival,  or  chances  of  living  one  year  at  the  respective 
ages,  are  to  be  compared.  This  is  the  best  test  of  the  vitality  of  a community  at  any  given 
age,  for  it  is  independent  of  what  has  gone  before  or  what  follows  after,  and  depends 
on  the  rate  at  which  people  are  dying  at  that  special  period.  It  has  already  been  shown  that 
the  probability  of  survival  can  be  calculated  from  the  rate  of  mortality  per  unit  by 
the  formula  p = JLfmj  and  vice  versa,  the  rate  of  mortality  can  be  readily  calculated  from 
the  probability  of  survival  by  the  formula  m — ^q|§|  in  which  “p”  is  the  known  quantity. 

II.  The  numbers  of  survivors  at  any  given  age  may  be  brought  into  comparison. 

These  numbers,  however,  depend  on  what  has  happened  before,  that  is,  on  the  rates  of 
mortality  at  preceding  ayes. 

III.  The  numbers  expressing  in  years  the  mean  after-lifetime,  or  “expectation  of 
life  ” may  be  set  side  by  side  and  the  differences  taken. 

This  test  does  not  bring  into  account  anything  connected  with  the  preceding 
mortality,  but  depends  entirely  on  the  rates  at  which  people  die  after  the  age  at  which 
comparision  is  made. 

The  following  are  the  Life-Tables  which  are  available  for  comparision,  and  which 
have  all  been  calculated  from  the  mortality  in  the  same  10  years  1881-90. 

(1)  The  Life-Table  for  England  and  Wales  contained  in  Part  I.  of  the  last 
“ Decennial  Supplement  ” of  the  Registrar  General.  This  is  based  on  the  statistics  for  the 
whole  country. 

(2)  The  Life-Table  for  selected  Healthy  Districts  of  England  and  Wales 
contained  in  Part  II.  of  the  same  Supplement.  This  is  based  on  the  mortality  of  263 
Registration  Districts,  with  a mean  aggregative  population  amounting  to  about  one-sixth 
of  the  total  population  of  England  and  Wales.  The  test  for  inclusion  among  these  districts 
was,  that  after  corrections  had  been  made  by  the  method  which  is  to  be  shown  afterwards  as 
worked  out  for  Haydock  in  table  VI.,  their  mean  total  death-rates  for  persons  fell  below 
15  per  1,000  in  the  10  years  1881-90. 

As  judged  by  this  test  Haydock  would  very  far  fall  short  of  the  standard  set  up, 
for  as  will  be  seen  (see  Table  VI.)  the  comparative  mean  annual-death  rate  for  this  period  of 
10  years  was  18m8f  for  Persons. 

Indeed,  there  were  only  two  districts  in  the  whole  of  Lancashire  found  worthy  of 
inclusion,  viz.,  Garstang  and  Lunesdale. 

(3)  Besides  the  above  there  are  Life-Tables  for  the  following  cities  or  towns 

London,  Manchester,  Glasgow,  Brighton,  Liverpool, 
which  have  been  worked  out  by  their  respective  Medical  Officers  of  Health. 
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Perhaps  the  time  may  come  when  every  Sanitary  District  will  have  its  own 
Life-Table.  Possibly  some  such  may  have  been  constructed  for  Districts  as  small  as 
Haydock,  but  in  the  meantime,  not  having  any  knowledge  of  their  existence,  comparison 
must  be  restricted  to  such  Life-Tables  as  are  available. 

The  most  important  comparisons  to  be  made  will  be  first  of  all,  on  the  one  hand, 
with  the  Life-Table  for  the  whole  of  England  and  Wales,  and,  on  the  other,  with  the 
selected  Healthy  Districts  Life-Table  ; and  then  with  Brighton  as  an  important  health- 
resort,  and  also  with  the  worst  of  the  three  Life-Tables  for  Manchester  which  was  published 
by  Dr.  Tatham  during  his  tenure  of  Office  as  Medical  Officer  of  Health  for  that  City. 

First  of  all  a Table  may  be  given  comparing  the  chances  of  living  one  year  at 
various  ages,  for  Males  and  Females,  as  found  in  the  Haydock  Life-Table,  with  the 
corresponding  figures:  (a)  for  England  and  Wales,  and  (b)  for  the  selected  Healthy 
Districts. 

(It  is  to  be  understood,  of  course,  that  the  nearer  the  fraction  approaches  to  unity 
the  less  has  been  the  rate  of  mortality  at  the  respective  ages.) 

This  may  be  appropriately  followed  by  a Table  comparing  the  respective  death- 
rates  per  thousand  for  Haydock,  at  certain  age-periods,  with  the  corresponding  figures 
for  England  and  Wales,  and  for  the  Healthy  Districts,  although  in  neither  of  the  Life- 
Tables  have  these  death-rates  been  used  directly  in  the  calculations,  but  they  have 
been,  however,  calculated  from  the  same  data  as  the  Life-Table  probabilities  of  survival. 
The  comparative  mortality  will  be  thus  made  more  immediately  obvious. 


Chances  of  living 

one  year. 

MALES. 

FEMALES. 

Ages. 

England  and 
Wales. 

Haydock. 

Healthy 

Districts. 

England  and 
Wales. 

Haydock. 

Healthy 

Districts. 

0 

•83896 

•86491 

•88085 

■86887 

•87228 

■90650 

5 

S9168 

■99497 

■99444 

■99214 

•99635 

■99484 

10 

•99805 

•99672 

■99793 

•99833 

•99655 

•99763 

15 

•99713 

■99750 

•99724 

•99705 

•99590 

■99670 

25 

•99364 

•99562 

■99459 

•99379 

•99347 

■99438 

35 

•98981 

•98870 

•99262 

•99076 

•99338 

•99270 

45 

■98437 

•98326 

•98953 

•98765 

•98435 

•99110 

55 

•97398 

•97473 

■98239 

■97910 

•97706 

•98499 

65 

•94943 

•93431 

•96293 

■95801 

•95033 

•96725 

75 

•89542 

•86518 

•91122 

■90721 

•84130 

•91980 
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Table  showing  comparison  of  the  mean  annual  death-rates  per  thousand  for  each 
sex  in  age-groups  for  Haydock,  during  the  10  years,  1881-90,  with  the  corresponding 
rates — (1)  For  the  whole  of  England  and  Wales ; and  (2)  For  the  Selected  Healthy 
Districts.  The  calculations  having  been  made  in  each  case  on  the  TRUE  MEAN 
POPULATIONS  for  the  Decennium. 


Ages. 

MALES. 

FEMALES. 

* England 
and 
Wales. 

Haydock. 

Healthy 

Districts. 

* England 
and 
Wales. 

Haydock. 

Healthy 

Districts. 

0—  5 

61-64 

52-64 

39-70 

51-96 

50-21 

32-38 

5—10 

5-35 

5-65 

3-88 

5-26 

5-02 

3-86 

10—15 

2-95 

2-48 

2-28 

3-11 

1-74 

2-71 

15—20 

4-32 

2-60 

3-36 

4-43 

4-73 

4-21 

20-25 

5-74 

2-67 

518 

5-54 

5-55 

5-32 

25-35 

7-77 

5-40 

6-15 

7-38 

7-54 

6-21 

35-45 

12-40 

12-20 

8-52 

10-59 

7-72 

7-96 

45—55 

19-38 

17-50 

12-80 

15-12 

16-39 

10-70 

55—65 

34-73 

32-01 

24-16 

28-48 

27-84 

21-07 

65-75 

70-50 

87-69 

55-54 

60-46 

71-75 

49-75 

75-  85 

146-75 

199-47 

132-93 

130-76 

186-43 

118-67 

85  upwards 

305-98 

896-06 

305-30 

271-10 

264-32 

266-9-1 

* — The  death-rates  for  England  and  Wales  here  given  are  not  those  which  were  stated  in  Part  I.  of  the  Registrar- 
General’s  Decennial  Supplement,  but  the  amended  rates  in  Part  II.  The  former  were  calculated  on  the 
arithmetical  means  of  the  two  census  populations,  the  latter  on  the  true  mean  population  numbers. 

The  leading  points  to  note  with  regard  to  the  above  Table  in  comparing  Haydock 
with  the  whole  of  England  and  Wales  are : — 

1.  — The  much  lower  death-rate  of  Males  at  age  0 — 5. 

2.  — The  remarkably  lower  death-rates  of  males  at  ages  from  10  to  35. 

3.  — As  regards  Females  the  death-rate  at  age  0 — 5 is  but  very  little  lower.  This  fact, 

associated  with  the  excess  of  Female  births  over  Male  births,  will  be  found  to 
explain  succeeding  anomalies  as  regards  numbers  of  survivors  at  various  age- 
periods  and  the  mean  expectation  of  life  throughout. 

4.  — As  regards  both  sexes  the  death-rates  after  age  65  become  considerably  higher. 

It  would  occupy  too  much  space  to  go  into  complete  comparisons  with  all  the  other 
Life-Tables  which  have  been  mentioned,  but  in  passing  it  may  be  as  well  to  compare  the 
death-rates  at  age  0 — 5,  so  as  to  show  how  largely  the  Life-Table  results  are  affected  by  the 
mortality  at  this  age-period. 


Mean  Annual  Rates  of  Mortality  at  age-period  0—5  during  the  Decennium,  1881-90. 


Age. 

MALES. 

FEMALES. 

Haydock. 

Brighton. 

London. 

Glasgow. 

Man- 

chester 

Township. 

Haydock. 

Brighton. 

London. 

Glasgow. 

Man- 

chester 

Township. 

0-5 

52-64 

64-01 

73-09 

86-24 

103-67 

50-21 

52-57 

63-26 

75-52 

88-34 

Corresponding  probabilities  of  survival  at  age  0 and  at  age  4. 

0 

•86491 

84608 

•83608 

•82531 

•76926 

•87228 

•87672 

■86172 

•85318 

•80841 

4 

■99155 

•98863 

•98557 

•98001 

■98222 

■99279 

•98857 

•98600 

■97995 

•98063 
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The  next  particular  in  which  comparison  may  be  made  is  as  to  the  number  of 
survivors  at  various  ages.  The  following  Table  shows  such  comparisons  between  Haydock 
and  England  and  Wales  and  also  the  “ Healthy  Districts .” 


Numbers  of  survivors  out  of  an  equal  number,  (a  million),  of  each  sex  born  at  various  ages. 


Ages. 

MALES. 

FEMALES. 

England 

and 

Wales. 

Haydock. 

Healthy 

Districts. 

England 

and 

Wales. 

Haydock. 

Health)' 

Districts. 

1 

838,964 

864,905 

880,855 

868,874 

872,280 

906,497 

5 

751,494 

781.289 

826,862 

783,244 

786,120 

855,168 

10 

733.477 

761,840 

811,820 

766,151 

771,867 

840,057 

15 

726.194 

749,435 

803,060 

759.062 

758,661 

829,273 

25 

693,809 

729,931 

771,435 

724,788 

720,500 

793.029 

35 

639,645 

690,244 

723,851 

670,992 

667,534 

743,125 

45 

564,437 

608,555 

663,894 

604,007 

617.295 

686.542 

55 

462,981 

510,539 

581,586 

516,375 

523.762 

614,089 

65 

322,482 

367,170 

452,117 

385,503 

394,601 

494,065 

75 

153,890 

143,897 

253.622 

204,208 

177,431 

294,100 

The  following  are  the  ages  at  which  the  original  million  will  have  been 


reduced  to  one  half: — 

England  and  Wales. 

Haydock. 

Healthy  Districts. 

Males  - 

51-52 

55-56 

61-62 

Females 

55-56 

57-58 

64-65 

Comparisons  may  also  be  made  of  the  numbers  surviving  at  a few  ages,  according 
to  the  other  Life-Tables. 


Numbers  surviving 

out  of  one  million  born. 

MALES. 

Ages. 

Haydock. 

Brighton. 

London. 

Glasgow. 

Manchester 

Township. 

1 

864,905 

849.990 

836,078 

825.310 

769,260 

5 

781,289 

751,250 

722,999 

668,700 

623,260 

15 

749,435 

725,010 

691.698 

617,990 

575,400 

35 

690,244 

640,900 

604,990 

521,480 

443,150 

55 

510.539 

453,030 

410,293 

340.610 

206,800 

75 

143,897 

166,660 

124,399 

87,110 

29,060 

FEMALES. 

1 

872,280 

876,720 

861,719 

853,180 

808,410 

5 

•786,120 

785,460 

750,392 

699,920 

663,230 

15 

758,661 

758,390 

718.411 

651.090 

611,150 

35 

667,534 

695,080 

644,793 

538,020 

496,730 

55 

523,762 

547,790 

484,154 

374,410 

281,640 

75 

177,431 

250,800 

188,810 

120.740 

52,750 

The  last  thing  remaining  to  do,  is  to  set  side  by  side  the  numbers  which  it 
is  the  final  object  of  a Life-Table  to  deduce ; viz.,  those  expressing  in  years  the 
“ mean  after-life  time,”  or  “expectation  of  life,”  at  the  various  ages.  This  may  with  advantage 
be  done  more  fully  than  has  been  the  case  with  the  two  preceding  sets  of  comparisons. 
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Table  showing  comparison  of  the  Expectation  of  Life,  at  various  ages,  as 
calculated  by  the  Life-Table  for  Haydock,  with  the  corresponding  figures,  (a)  for 
England  and  Wales  and  (b)  for  the  Selected  Healthy  Districts,  together  with  the 
differences  of  the  numbers  for  Haydock  from  the  two  Life-Tables  for  England  respectively. 


I.— MALES. 


Age. 

England  and 
Wales. 

Differences  of  Haydock 
from 

England  and  Wales. 

Haydock. 

Differences  of  Haydock 
from 

Healthy  Districts. 

Selected 

Healthy  Districts. 

0 

43-66 

+ 2-51 

46-17 

— 5 31 

51-48 

1 

50-97 

+ 1-37 

52-34 

— 5 05 

57-39 

2 

53-04 

+ 1-33 

54-37 

— 3-98 

58-35 

3 

53-32 

+ 147 

54-49 

— 3-63 

58-12 

4 

5315 

+ 1 20 

54-35 

— 3-29 

57-64 

5 

52-75 

+ 1-06 

53-81 

— 3-24 

57-05 

10 

49-00 

+ 1-12 

50-12 

— 2-95 

53-07 

15 

44-47 

-f  1-44 

45-91 

— 2-71 

48-62 

20 

40-27 

+ 1-18 

41-45 

— 2-96 

44  -41 

25 

36-28 

0-72 

37-00 

— 3-39 

40-39 

30 

32-52 

+ 0-24 

32-76 

— 3-76 

36-52 

35 

28-91 

— o-io 

28-81 

— 3-89 

32-70 

40 

25-42 

— 018 

25-34 

— 3-58 

28-92 

45 

22-06 

— 1-08 

21-98 

— 3-21 

25-19 

50 

18-82 

— 0-12 

18-70 

— 2-83 

21-53 

55 

15-74 

— 0-50 

15-24 

— 2-76 

18-00 

60 

12-88 

— 0-90 

11-98 

— 2-68 

14-66 

65 

10-31 

— 1-21 

9-10 

— 2-50 

11-60 

70 

8-04 

— 1-27 

6 -77 

— 2-11 

8-88 

75 

6-10 

— 0-84 

5-26 

— 1-30 

6-56 

80 

4-52 

— 1-33 

3-19 

— 1-51 

4-70 

85 

3-29 

— 0-75 

2-54 

— 0-76 

3-30 

30 


II.— FEMALES. 


Age. 

England  and 
Wales. 

Differences  of  Haydock 
from 

England  and  Wales. 

Haydock. 

Differences  of  Haydock 
from 

Healthy  Districts. 

Selected  Healthy 
Districts. 

0 

47-18 

— 0-23 

46-95 

— 7-09 

54-04 

1 

53.24 

— 0-47 

52-77 

— 5-80 

58-57 

2 

55-18 

— 0-58 

54-60 

- 4-76 

59-36 

3 

55.46 

— 0-41 

55-05 

— 4-06 

59-11 

4 

55-31 

— 0-29 

55-02 

— 3-60 

58-62 

5 

54-92 

— 0-51 

54-41 

— 3-60 

58  01 

10 

51-10 

— 0-73 

50-37 

— 3-64 

54  01 

15 

46-55 

— 0-35 

46-20 

— 3-48 

4S-68 

20 

42-42 

- 0-31 

42-11 

— 3-51 

45-62 

25 

38-50 

— 0-14 

38-36 

— 3-36 

41-71 

30 

34-76 

- 0-20 

34-56 

— 3-35 

37-91 

35 

3116 

— 0-18 

30-98 

— 318 

34  16 

40 

27-60 

— 0-65 

26-95 

— 3-43 

30-38 

45 

24-05 

- 0-98 

23-07 

— 3 49 

26-56 

50 

20-56 

— 0-80 

19-76 

— 2-99 

22-75 

55 

17-23 

— 0-93 

16-30 

— 2-76 

19-06 

60 

14-10 

— 110 

13-00 

— 2-56 

15-56 

65 

11-26 

— 1-35 

9-91 

— 2-45 

12-36 

70 

8-77 

— 1-61 

7-06 

— 2-47 

9-53 

75 

6-88 

— 1-33 

5-35 

— 1-79 

7-14 

80 

5-00 

— 0-73 

4-27 

— 0-96 

5-23 

85 

3-71 

— 0-65 

3-06 

— 0-71 

3-77 

90 

2-95 

— 0-12 

2-63 

— 0-08 

2-71 

As  regards  the  mean  “ expectation  of  life  ” at  Birth,  the  comparison  may  be  made  in 
another  way — between  Haydock  and  the  whole  of  England  and  Wales. 


Differences  of 


Males. 

Females. 

Females  from  Males. 

England  and  Wales  ... 

43-66 

47-18 

+ 3-52 

Haydock 

46-17 

46-95 

+ 0-78 

Differences  of  Haydock  from  | 
England  and  Waies  ) 

+ 2-51 

— 0-23 

These  results,  together  with  the  “ comparative 

mortality  figures  ” in  Table  VI.  as  to 

the  death-rates  for  Males  and  Females  in  the  “Standard  Population,”  show  that  the 
anomalous  differences  between  the  rates  of  mortality  in  Haydock  during  the  10  years  as 
regards  the  two  sexes,  have  been  due  chiefly  to  a proportionately  higher  mortality  among 
Females,  combined  with  (but  to  a much  less  extent)  a proportionately  lower  mortality  among  Males. 

Thus  it  will  be  noted  that  for  Males  in  Haydock  the  “ expectation  of  life  ” is  greater 
than  in  England  and  Wales  at  all  ages  up  to  30.  Afterwards  it  becomes  less. 

For  Females  the  “expectation  of  life”  is  a little  less  in  Haydock  than  in  England  and 
Wales  all  down  the  Table  to  age  45,  after  which  the  difference  becomes  marked. 

As  regards  both  sexes,  after  age  60  the  “expectation  of  life”  becomes  much  less  both 
for  Males  and  Females.  The  same  fact  will  appear  from  the  future  Table  to  be  given  showing 
the  proportionate  mean  constitution  of  the  population  of  Haydock,  compared  with  the 
corresponding  figures  for  England  and  Wales.  See  Table  VII. 
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It  may  be  also  of  interest  to  show  comparisons  between  the  “expectation  of  life”  for 
Haydock  at  various  ages,  with  the  corresponding  figures  calculated  in  the  other  Local  Life- 
Tables  already  referred  to. 


These  are  as  follows  : — 


MALES. 

Ages. 

Haydock. 

Brighton. 

London. 

Glasgow. 

Liverpool. 

* Manchester 
Township. 

0 

46-17 

43-59 

40-66 

35-18 

34-3 

28-78 

5 

53-81 

52-87 

50-77 

46-97 

45-9 

40-53 

10 

50-12 

49-12 

47-22 

44-32 

42-9 

37-47 

15 

45-91 

44-67 

42-88 

40-51 

38-8 

33-56 

25 

37-00 

36-51 

34-70 

33-29 

310 

26-00 

35 

28-81 

29  02 

27-39 

26-06 

24-2 

20-01 

45 

21-98 

22-36 

2100 

19-54 

18-3 

14-93 

55 

15-24 

16-48 

15-31 

13-39 

13-2 

10-96 

65 

9-10 

10-96 

10-59 

9-38 

8-8 

7-48 

75 

5-26 

6-64 

7-20 

5-96 

— 

4-74 

FEMALES. 

0 

46-95 

49-00 

44-91 

37-70 

36-4 

32-67 

5 

54-41 

56.92 

54-42 

48-27 

47-7 

43-66 

10 

50-37 

53-15 

50-95 

45-44 

44-7 

40-94 

15 

46-20 

49-07 

46-65 

41-59 

40-6 

37-05 

25 

38-36 

40-48 

38-34 

34-60 

32-7 

29-41 

35 

30-98 

32-48 

30-69 

28-06 

25-9 

22-90 

45 

23-07 

25-07 

23-80 

21-61 

19-8 

17-20 

55 

16-30 

18-48 

17-34 

15-60 

14-3 

12-25 

65 

9-91 

12-19 

11-78 

10-69 

9-8 

8-54 

75 

5-35 

6-97 

7-55 

6-97 

— 

6-03 

* There  are  three  separate  Life-Tables  for  Manchester : — ■ 

No.  1 — For  Manchester  City,  including  all  the  Townships  of  which  it  is  made  up.  In  this,  the  “ expectation  of 
life”  at  Birth  is  given  as  follows:  Males  31-71,  Females  38-44. 

No.  2 — For  “Manchester  Township”  only — the  worst  part  of  the  City  as  regards  overcrowding  and  bad 
sanitary  conditions. 

No.  3 — For  Manchester  “Outlying  Townships.”  In  this  the  “expectation  of  life”  at  Birth  is  given 
thus:  Males  38T1,  Females  41-58. 

Another  way  in  which  the  vital  statistics  of  Haydock  may  be  considered,  is  as  to 
the  comparison  between  these  three  particulars — 

(1) -The  Proportion  of  Number  Dying  to  Number  Living. 

(2) -The  Mean  Age  at  Death. 

(3) -The  “Expectation  of  Life”  at  Birth. 

It  has  been  seen  that  as  regards  persons,  that  is  males  and  females  being  taken 
together,  the  mean  “ expectation  of  life  ” at  birth  for  1881-90  has  been  46'55  years.  Now  if 
the  population  of  Haydock  had  been  stationary  for  many  preceding  years,  that  is,  the  annual 
number  of  births  just  equalling  the  annual  number  of  deaths,  and  no  migration  having- 
occurred  either  of  persons  into  Haydock  or  of  persons  out  of  Haydock,  then  the  mean  age  at 
death,  that  is,  the  number  obtained  by  adding  up  the  separate  exact  ages  of  those  who  have 
died,  and  dividing  the  sum  by  the  number  dying,  would  have  been  exactly  46-55  years, 
and  1 in  46  55  persons  would  have  died  annually. 
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Whereas  during  the  Decennium,  the  “ mean  age  at  death  ” has  been  only  25 -3  years, 
and  instead  of  1 person  in  46‘55  dying  annually,  the  proportion  has  been  1 in  58. 

Now,  these  apparent  contradictions  are  thus  accounted  for. 

(1)  The  population  of  Haydock  has  been  a greatly  increasing  one,  that  is,  the  number 
of  births  has  exceeded  the  number  of  deaths  every  year.  So  that  every  year  the  average  age 
of  the  dying,  or  the  “ mean  age  at  death  ” has  been  greatly  lowered  by  the  large  proportion 
of  the  deaths  of  young  children. 

This  shows  the  fallacy  of  calculating  a Life-Table,  as  has  sometimes  been  done  in  past 
times,  from,  the  ages  of  the  dying  only,  without  taking  into  account  the  numbers  and  ages  of  the 
living.  (A  low  mean  age  at  death  is  no  test  at  all  of  the  healthiness  of  a district,  it  simply 
means  that  there  is  existing  a high  birth-rate). 

(2)  On  the  other  hand,  the  fact  of  a continuous  high  birth-rate,  every  year  adding  to 
the  population  more  than  are  taken  from  it  by  death  and  migration,  comes  in  time  to  bring 
about  the  existence  in  the  population  of  an  excessive  proportion  of  persons  between  the  ages 
of  5 and  55,  during  which  period  the  mortality  is  below  the  average,  and  therefore  the 
proportionate  mortality  has  been  1 in  58,  instead  of  being  1 in  46'55. 


Table  comparing  the  vital  statistics  of  Haydock  with  those  of  England 
and  Wales  for  the  10  years,  1881-90,  as  regards  («)  Proportionate  Mortality, 

( l> ) Mean  Age  at  Death,  and  (<)  Mean  “Expectation  of  Life”  at  Birth. 

PROPORTIONATE  MORTALITY. 

MEAN  AGE  AT  DEATH. 

MEAN  EXPECTATION  OF 
LIFE  AT  BIRTH. 

HAYDOCK  

Males. 

Females. 

Persons. 

Males. 

Females. 

Persons. 

Males. 

Females. 

Persons. 

1 in  59 

1 in  56 

1 in  58 

25-7 

24-9 

25-3 

46  T7 

46-95 

46-55 

ENGLAND  and  ) 
WALES  f 

1 in  49 

1 in  55 

1 in  52 

* 

30-5 

* 

33-9 

* 

32*1 

43-66 

47-18 

45-39 

* — These  Figures  are  not  given  in  the  Registrar- General’s  Decennial  Supplement,  nor  could  they  be  obtained 
by  application  at  the  General  Register  Office.  However,  I have  approximately  worked  them  out  my- 
self from  the  total  numbers  given  as  dying  at  the  various  age-periods  during  the  10  years. 


Allusion  has  been  already  made  to  the  fact  that  the  Life-Table  now  presented  is  the 
third  which  I have  worked  out  to  completion. 

No.  1 was  based  (a)  on  the  arithmetical  means  of  the  numbers  enumerated  at  the 
Censuses  of  1881  and  1891,  without  any  attempt  to  exclude  the  Inmate  population  of 
Haydock  Lodge,  and  (5)  on  the  numbers  of  deaths  registered  during  the  ten  years  exactly 
corresponding  to  the  Census  interval,  i.e.,  from  April  1st,  1881,  to  March  31st,  1891. 

This  was  discarded  : — 

(1)  Because  of  the  Population  errors. 

(a)  The  error  of  Arithmetical  means. 

(5)  The  more  serious  error  of  including  the  Inmate  Population  of  Haydock 
Lodge. 

(c)  The  error  of  taking  the  enumerated  numbers  for  the  first  five  years  of 
life  as  correct. 

(2)  Because  the  Number  of  Deaths  had  not  been  corrected  in  any  other  way  than 
by  excluding  the  Inmate  Deaths  of  the  Asylum. 

No.  2 was  based  («)  on  the  true  mean  Total  Population  of  the  10  years  1881-90, 
and  (b)  on  the  numbers  of  Deaths  in  the  10  calendar  years  1881-90,  corrected  in  the 
manner  previously  indicated  (the  attempt  to  make  the  period  for  which  the  Deaths  were 
taken  exactly  correspond  with  the  Census  interval  was  abandoned,  as  while  one  difficulty 
was  thus  got  over,  greater  difficulties  were  introduced). 


33 


This  Life-Table  was  rejected. 

(1)  Because  while  the  total  true  mean  Population  had  been  correctly  taken,  the 
means  for  the  separate  age  and  sex  groups  had  been  calculated  as  at  5 years  after  the 
Census  of  1881,  instead  of  4£  years. 

(2)  Because  the  method  of  dealing  with  the  Population  numbers  for  the  first  five 
years  of  life,  and  of  calculating  the  probabilities  of  survival  for  these  years  had  not  been 
quite  correctly  applied. 

(3)  Because  it  had  not  been  worked  out  quite  in  the  usual  form  ; the  survivors  having 
only  been  calculated  for  each  sex  out  of  a million  of  each  supposed  to  be  born. 

(4)  Because  the  mean  Population  numbers  at  the  even  ages,  10,  20,  30,  &c.,  had 
been  simply  deduced  from  the  Census  enumerations  without  correcting  calculations. 

No.  3 was  worked  out  on  the  plan,  and  in  the  manner  already  fully  described. 


The 

results 

of  these  three 

Life-Tables 

may  be 

thus  compared,  as  to  mean 

expectation 

of  Life 

at  Birth. 

Males. 

Females. 

No.  1 

- 

45-10 

47-21 

No.  2 

. 

45-93 

46-96 

No.  3 

- 

46-17 

46-95 

It  will  thus  be  apparent  that  the  results  of  the  final  Life-Table  do  not  differ 
very  materially  from  those  of  No.  2,  and  it  may  appear  as  if  there  had  been  no  real 

need  for  having  taken  so  much  trouble.  However,  there  is  at  least  the  satisfaction  of 

having  attempted  to  work  out  the  results  for  a population  of  six  thousands  with  as  much 
accuracy  as  if  the  number  had  been  six  millions.  And  in  working  with  Logarithms 
(pausing  a moment  to  gratefully  remember  those  by  whose  labour  and  ingenuity  these 
Tables  have  been  constructed),  it  really  gives  but  little  more  trouble  to  take  three 
“ decimal  places  ” instead  of  one. 

The  question  may  be  asked — are  all  these  elaborate  Vital  Statistics  of  any  good 

at  all  ? The  answer  must  be  “ much,  every  way.” 

The  progressive  improvement  in  sanitary  conditions  during  the  last  quarter  of  a 
century,  with  all  its  beneficent  results  in  diminishing  Disease  and  lengthening  Life,  was 
set  going  by  the  apparently  dry  and  utterly  forbidding  columns  of  figures  compiled  by 
the  late  Dr.  William  Farr,  illuminated  as  they  were  by  his  lucid  explanations  and 
masterly  grasp  of  the  lessons  to  be  deduced  from  them. 

So,  even  the  much  less  elaborate  and  more  humble  attempts  of  this  Supplement, 
when  attentively  studied,  may  be  lit  up  by  grateful  remembrance  of  all  that  has  been 
involved  in  sanitary  improvements  already  effected,  and  by  the  glow  of  looking  forward 
to  the  further  benefit  to  be  derived  by  carrying  out  work  yet  remaining  to  be  done  in 
the  future. 

It  should  not  be  forgotten  too,  that  the  famous  “ Carlisle  Life-Table  ” which  was 
constructed  about  a century  ago,  by  Milne,  from  facts  relating  to  the  numbers  living  and 
dying  in  that  city  for  the  9 years,  1779-87,  supplied  to  him  by  Dr.  Heysham,  was  founded 
on  a mean  Population  of  only  8,177,  and  Deaths  numbering  1,840.  Therefore  although 
for  small  populations  there  must  necessarily  be  anomalies,  and  uneven  fluctuations,  which 
are  eliminated  by  dealing  with  large  populations,  there  may  yet  be  interest  and  value 
more  than  what  is  merely  local,  in  a Life-Table  calculated  for  a population  so  small 
as  6,000,  as  demonstrating  that,  in  spite  of  accidental  variations,  the  same  general  laws  are 
found  to  be  prevailing,  as  those  deduced  from  statistics  relating  to  the  whole  country. 
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Apart  from  this,  however,  as  soon  as  the  time  comes,  some  five  or  six  years  hence, 
when  it  may  be  possible  to  calculate  another  Life-Table  for  Haydock,  founded  on  the  mean 
Population  and  Deaths  for  the  10  years  1891-1900,  the  value  of  such  will  be  greatly 
enchanced  by  the  existence  of  the  Life-Table  now  presented,  as  enabling  comparisons  to  be 
made  in  the  most  exact  and  scientific  manner  possible  between  the  Vital  Statistics  of  the 
two  Decennia. 

In  the  changes  and  chances  of  life,  it  may  not  fall  to  my  own  lot  to  do  this  work, 
but  knowing  how  great  has  been  the  labour  of  having  to  bring  together  the  materials  for  a 
Life-Table,  apart  from  the  trouble  of  calculating  it,  it  will  at  least  be  my  endeavour  to  leave 
these  materials  for  a future  Life-Table  compiled  up  to  date. 

I can  only  reiterate  before  I close,  how  great  is  the  debt  of  gratitude  which  I owe 
to  those  who  have  taken  such  trouble  to  help  me  with  the  required  statistics,  and  the  much 
needed  advice  as  to  methods.  In  particular  I must  refer  to  Dr.  Tatham,  to  Mr.  Noel  A. 
Humphreys,  and  to  Mr.  A.  C.  Waters  of  the  General  Register  Office,  who  have  taken  such 
trouble  as  can  only  be  accounted  for  by  their  being  disposed,  like  Providence,  to  help  those 
who  at  least  try  to  help  themselves.  I should  also  not  forget  to  mention  that  I am  indebted 
to  the  respective  Medical  Officers  of  Health  of  Brighton,  London,  Manchester,  Glasgow,  and 
Liverpool  for  their  courtesy  in  supplying  me  with  copies  of  their  respective  Life-Tables,  and 
in  particular  I have  to  express  my  appreciation  of  kindly  interest  and  of  advice  rendered  by 
Dr.  A.  Newsholme,  the  M.  O.  H.  of  Brighton,  and  the  author  of  one  of  the  leading  works  on 
the  subject  of  Vital  Statistics. 

It  must  be  explained  that  I am  alone  responsible  for  the  correctness  of  the  figures 
and  calculations,  as  I have  had  to  undertake  the  work  single-handed,  and  should  experts  find, 
as  too  well  they  may,  flaws  and  errors,  it  may  be  remembered  that  this  work  has  been  done 
by  one  whose  primary  occupation  is  that  of  a busy  General  Practitioner  of  Medicine  and 
Surgery,  and  who  has  had  to  do  this  work,  not  when  he  wanted,  but  when  he  could,  and 
who  in  doing  it  has  often  had  to  rob  himself  of  much  needed  rest  and  recreation. 

It  may  be  difficult  for  such  experts,  who  have  long  since  passed  their  preliminary 
difficulties,  to  put  themselves  in  the  place  of  a beginner.  So  it  may  appear  to  them,  that 
this  attempt  to  explain  the  construction  of  a Life-Table,  which  is,  in  the  first  instance, 
addressed  to  the  members  of  my  Sanitary  Authority,  and  which  it  is  hoped  may  not  be 
without  some  advantage  to  other  Medical  Officers  of  Health  who  may  be  desirous  of 
calculating  Local  Life-Tables  for  their  Districts,  may  be  very  unnecessarily  redundant  and 
minute. 

When  we  travel  along  a smooth  and  well-made  road  we  are  all  too  ajV  to  forget  that 
it  has  been  made  so  by  the  long  continued  toil  and  labour  of  our  predecessors.  This  at 
least,  is  the  attempt  of  one  who  has  repeatedly  had  the  bitter  experience  of  having  to 
abandon  the  results  of  weeks  of  labour,  to  make  the  path  easier  for  such  as  may  desire  to 
travel  in  the  same  direction. 

In  conclusion  it  may  not  be  inappropriate  to  state  that  the  original  stimulus  which 
led  to  the  beginning  of  the  work  which  has  been  finally  embodied  in  this  Supplementary 
Report,  was  conveyed  to  me,  by  one  who  had  personally  known  the  late  Dr.  William  Farr,* 
and  who  had  derived  from  him  a knowledge  and  love  of  Vital  Statistics,  and  who  some 
months  ago  by  a few  words  of  kindly  yet  keen  criticism  of  my  Annual  Report  for  1896,  in 
which  an  attempt  had  been  made  to  deal  with  the  Sanitary  History  of  Haydock  during  a 
period  of  60  years,  showed  that  however  great  was  the  breadth  of  my  Report,  it  had  attained 
to  but  little  depth,  and  thus,  with  many  stumblings  and  failures  and  mistakes,  I have 
entered  upon  and  carried  through  the  work  now  completed. 

Therefore  these  pages  maybe  brought  to  an  end  with  (shall  it  be  said?)  reverent 
remembrance  of  the  greatness  of  Dr.  Farr  as  the  Father  of  English  Vital  Statistics,  and  of 
his  goodness  as  a benefactor  of  mankind,  and  should  the  writer  be  counted  worthy  ot 
transmitting  to  others  the  impulse  originally  derived  from  him,  the  reward  will  be  great. 

* I refer  to  Mr.  R.  Farrow,  of  Leek,  Staffordshire. 
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Preliminary  Tables  of  Population  and  of  Deaths  giving  the  numerical  facts  on 
which  the  Life-Table  for  Haydock  is  based. 

TABLE  I. 

Population  numbers  enumerated  at  the  two  Censuses  of  1881,  and  1891,  (EXCLUSIVE  of  the  Inmate 
Population  of  Haydock  Lodge  Lunatic  Asylum),  together  with  their  “Arithmetical  Means.” 


MALES. 

FEMALES. 

Ages. 

Census 

1881. 

Census 

1891. 

Arithmetical 

Means. 

Census 

1881. 

Census 

1891. 

Arithmetical 

Means. 

0—5 

480 

504 

492 

501 

491 

496 

5-15 

777 

837 

807 

731 

844 

787-5 

15—25 

553 

760 

656-5 

389 

530 

459-5 

25-35 

469 

535 

502 

405 

357 

381 

35—45 

309 

368 

338-5 

239 

312 

275-5 

45—55 

221 

211 

216 

183 

182 

182-5 

55—65 

118 

161 

139-5 

121 

147 

134 

65—75 

59 

67 

63 

65 

72 

68-5 

75—85 

13 

13 

13 

14 

15 

14-5 

85—95 

1 

0 

0-5 

0 

2 

1 

95  upwards 

0 

0 

0 

0 

1 

0-5 

Totals  ... 

3,000 

3,456 

3,228 

2,648 

2,953 

2,800-5 

TABLE  II. 

Calculated  True  Mean  Population  numbers  in  Age  and  Sex  Groups  for  the  10  Calendar  years  1881-90. 


Ages. 

MALES. 

FEMALES. 

0—5 

491-992 

497-925 

5—15 

805-820 

783-270 

15-25 

646-598 

452-788 

25—35 

499-645 

384-616 

35—45 

336-092 

272-128 

45—55 

217-158 

183-057 

55—65 

137-451 

132-897 

65-75 

62-720 

68-292 

75-85 

13-036 

14-483 

85—95 

0-558 

0-690 

95  upwards 

0 

0-445 

Totals 

3,211-070 

2,790-591 

or  3211 

or  2791 
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TABLE  III. 

Table  of  Deaths  for  Haydock  during  the  Ten  Calendar  Years  1881-90,  classified  according 
to  Sexes  and  in  Age-groups. 


Ages. 

MALES. 

Deaths  among 
the  Inmates 
of  Haydock 
Lodge  Lunatic 
Asylum 
(excluded  to 
begin  with). 

Deaths 
registered  in 
Haydock 
(excluding  the 
Inmates  of  the 
Asylum). 

Deaths 
occurring  in 
Haydock  of 
‘ non-residents  ’ 
(to  be  deducted) 

Deaths  of 
Haydock  resi- 
dents in  the 
Workhouse  at 
Warrington  or 
elsewhere  in  so 
far  as  is  known 
(to  be  added). 

Corrected 
Mean  Annual 
Numbers 
of  Deaths. 

0-1 

0 

160 

— 

16-0 

1-2 

0 

56 

— 

9 

5-6 

2-3 

0 

20 

— 

— 

2-0 

3-4 

0 

15 

1-5 

4-5 

0 

8 

— , 

0-8 

5-15 

2 

35 

1 

- 

3 4 

15-25 

8 

18 

1 

— 

1-7 

25-35 

13 

30 

3 

— 

2-7 

35-45 

16 

48 

8 

i 

4T 

45-55 

30 

37 

— 

i 

3-8 

55-65 

27 

46 

2 

- 

4-4 

65-75 

15 

52 

1 

4 

5-5 

75-85 

10 

24 

— 

2 

2-6 

85-95 

0 

5 

— ■ 

— 

0-5 

T otals 

121 

554 

16 

8 

54-6 

FEMALES. 

0-1 

0 

147 

- 1 

1 

14-7 

1-2 

0 

53 

— 

— 

5-3 

2-3 

0 

26 

-- 

— 

2-6 

3-4 

0 

17 

— 

^9 1 

1-7 

4-5 

0 

8 

I 

| -9 

0-7 

5-15 

0 

28 

— 

- 

2-8 

15-25 

3 

23 

— 

2-3 

25-35 

10 

29 

• 

— 

2-9 

35-45 

14 

22 

1 

— 

2T 

45-55 

11 

29 

— 

1 

3-0 

55-65 

22 

37 

— 

— 

3-7 

65-75 

20 

49 

— 

— 

4-9 

75-85 

9 

26 

— 

1 

2-7 

85-95 

1 

3 

— 

— 

0-3 

Totals 

90 

497 

3 

3 

49-7 
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ADDENDUM  TO  TABLE  III. 

(1)  Number  of  Infants  Dying  under  6 months  of  age: — 

Males  - - - 114 

Females  ...  96 

(2)  Mean  Age  at  Death  of  the  Infants  Dying  under  1 year  of  age : — 

Males  ...  - 3'8275  months. 

Females  - - - - 4T950  ,, 


TABLE  IV. 


Table  of  Male  and  Female  Births,  and  of  the  Male  and  Female  Deaths  at  ages  0—1, 
1—2,  2—3,  and  3—4,  required  for  calculating  the  true  mean  Population  in  the  first  five  years 
of  Life  for  the  Decennium,  1881—90. 


BIRTHS. 

DEATHS 

AT  AGES 

0- 

-1 

1- 

-2 

2- 

-3 

3- 

-4 

Year. 

Males. 

Females. 

M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

1876 

145 

147 

— 

— 

— 

1 A 

' 5 

— 

— 

1877 

119 

118 

12 

7 

— 

B | 

' pA' 

mh 

7 A 

1878 

138 

136 

20 

19 

7 

9 

— 

— 

-A 

1879 

135 

147 

23 

18 

6 

7 

2 

5 

jjt|J  4 

— 

1880 

114 

124 

25 

21 

10 

16 

7 

2 

0 

2 

1881 

121 

120 

17 

16 

5 

2 

2 

2 

0 

3 

1882 

115 

118 

17 

9 

3 

11 

0 

3 

0 

1 

1883 

132 

137 

14 

13 

4 

2 

2 

0 

3 

2 

1884 

122 

116 

11 

17 

3 

5 

1 

2 

1 

1 

1885 

118 

121 

13 

15 

15 

7 

5 

8 

3 

3 

1886 

120 

125 

20 

17 

5 

5 

0 

1 

2 

0 

1887 

130 

126 

18 

14 

9 

7 

4 

3 

3 

1 

1888 

121 

101 

14 

13 

7 

7 

2 

2 

2 

3 . 

1889 

122 

107 

23 

13 

3 

4 

2 

3 

1 

1 i 

1890 

134 

118 

13 

20 

2 

3 

2 

2 

0 

2 
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TABLE  V.  (Part  1). 


Life-Table  for  Hay  dock  based  (a)  on  the  true  mean  numbers  LIVING,  and  (b) 
on  the  numbers  DYING  in  the  10  years  1881-90. 

MALES. 


1 

2 

3 

4 

5 

6 

7 

Age. 

N umber 
dying  in  each 
year  or 
age-period  of 

5 years. 

N umber 
supposed  to 
have  been 
originally  born, 
and  number 
surviving 

Mean 
population 
living  in  each 
year  or 
age-period. 

Years  of  life 
lived  by 
the  mean 
population  in 
each  vear 

Sum  of  the 
years  of  life  lived 
in  each  year  or 
age-period 

and  afterwards  to  the 

Mean 

after-lifetime 

or 

“ expectation 
of  life  ” at 
each  age. 

at  each  age. 

or  age-period. 

end  of  the  Table. 

Years. 

X 

clx 

lx 

Px 

Qx 

E,  = ^l 

lx 

0 

68,838 

509,488 

475,069 

462.606 

23,525,453 

46T7 

1 

24.322 

440,650 

428,489 

428,489 

23,062,847 

52-34 

2 

8,506 

416,328 

412,075 

412,075 

22,634,358 

54-37 

3 

6,382 

407,822 

404,631 

404,631 

22,222,283 

54-49 

4 

3,390 

401,440 

399,745 

399,745 

21,817,652 

54-35 

5 

9,909 

398,050 

393,096 

1,965,478 

21,417,907 

53-81 

10 

6,320 

388,141 

384,981 

1,924,905 

19,452,429 

50-12 

15 

4,746 

381,821 

379,448 

1,897,240 

17,527.524 

45-91 

20 

5,191 

377,075 

374,480 

1,872,398 

15,630,284 

41-45 

25 

8,081 

371,884 

367,844 

1,839,218 

13,757,886 

37-00 

30 

12,139 

363,803 

357,734 

1,788,668 

11,918,668 

32-76 

35 

19,433 

351,664 

341,948 

1,709.738 

10,130,000 

28-21 

40 

22,185 

332,231 

321,139 

1,605,693 

8,420,262 

25-34 

45 

25,102 

310,046 

297,495 

1,487,475 

6,814,569 

21-98 

50 

24,836 

284,944 

272,526 

1,362,630 

5,327,094 

18-70 

55 

31,249 

260,108 

244,484 

1,222,418 

3,964,464 

15-24 

60 

41,795 

228,859 

207,962 

1,039,808 

2,742,046 

11-98 

65 

53,881 

187,064 

160,124 

800,618 

1,702,238 

910 

70 

59,871 

133,183 

103,248 

516,238 

901.620 

6-77 

75 

37,773 

73,312 

54,426 

272,128 

385,382 

5-26 

80 

30,697 

35,539 

20,191 

100,953 

113,254 

3-19 

85 

4.803 

4.842 

2,441 

12,203 

12,301 

2-54 

90 

39 

39 

20 

98 

98 

2-50 

95 

0 
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TABLE  V.  (Part  2). 

Life-Table  for  Haydock  based  (a)  on  the  true  mean  numbers  LIVING,  and  (b) 
on  the  numbers  DYING  in  the  10  years  1881-90. 

FEMALES. 


1 

2 

3 

4 

5 

6 

7 

Age. 

Number 
dying  in  each 
year  or 
age- period 
of  5 vears. 

Number 
supposed  to 
have  been 
originally  born, 
and  number 
surviving 

Mean 
population 
living  in  each 
year  or 
age-period. 

Years  of  life 
lived  by  the 
mean 

population  in 
each  year 

Sum  of  the 
years  of  life  lived 
in  each  year  or 
age-period,  and 
afterwards  to  the  end 

Mean 

after-lifetime 

or 

“expectation 
of  life  ” at 
each  age. 

at  each  age. 

or  age-period. 

of  the  table. 

Years. 

X 

dx 

lx 

P, 

Q,- 

E,=-^ 

lx 

0 

62,648 

490,512 

459,188 

449,765 

23,027,178 

46-95 

1 

22,013 

427,864 

416,858 

416.858 

22,577,413 

52-77 

2 

10,573 

405,851 

400,565 

400,565 

22,160,555 

54-60 

3 

6.875 

395,278 

391,841 

391,841 

21,759,990 

55-05 

4 

2,802 

388,403 

387,002 

387,002 

21,368,149 

55-02 

5 

6,991 

385.601 

382,101 

1.910.528 

20,981,147 

54-41 

10 

6,478 

378.610 

375,371 

1,876,855 

19,070,619 

50-37 

15 

7,566 

372,132 

368,349 

1,841,745 

17,193,764 

46-20 

20 

11,152 

364,566 

358,990 

1,794,950 

15,352,019 

42-11 

25 

11,476 

353.414 

347,676 

1,738,380 

13,557,069 

38-36 

30 

14,505 

341,938 

334,686 

1,673,428 

11,818,689 

34-56 

35 

10,696 

327.433 

322,085 

1.610,425 

10,145,261 

30-98 

40 

13,946 

316,737 

309,764 

1,548.820 

8,534,836 

26-95 

45 

22,959 

302,791 

291,312 

1,456,558 

6,986,016 

23-07 

50 

22,920 

279,832 

268,372 

1,341.860 

5,529,458 

19-76 

55 

28,151 

256,912 

242,837 

1,214.183 

4,187,598 

16-30 

60 

35,203 

228,761 

211,160 

1,055,798 

2.973,415 

13-00 

65 

43,523 

193.558 

171,797 

858,983 

1,917,617 

9-91 

70 

63,003 

150,035 

118,534 

592,668 

1,058,634 

7-06 

75 

50,351 

87,032 

61,857 

309,283 

465,966 

5-35 

80 

25,003 

36,681 

24,180 

120,898 

156,683 

4-27 

85 

10.396 

11.678 

6.480 

32.400 

35,785 

3-06 

90 

1.246 

1,282 

659 

3.295 

3,385 

2-63 

95 

36 

36 

18 

90 

90 

2-50 

100 

0 

| 

40 


TABLE  V.  (Part  3). 


Life-Table  for  Haydock,  based  (a)  on  the  true  mean  numbers  LIVING,  and 
(b)  on  the  numbers  DYING,  in  the  10  years,  1881-90. 

MALES  AND  FEMALES. 


Age. 

Chance 

(or  probability) 
of  living  one  year 
from  each  age. 

J>x 

Of  a Million 
Males 

born,  the  number 
surviving 
at  each  age. 

Of  a Million 
Females 
born,  the  number 
surviving 
at  each  age. 

Of  a 1 
of  both  sexes  b 
509,488  IV 
490,512  1 

The  number 
surviving  at 
each  age. 

Million 

orn,  comprising 
lales,  and 
'emales. 

Sum  of  the  years 
of  life  lived  iu 
each  year  or  age- 
period  and 
afterwards  to  the 
end  of  the  Table. 

us 

Males. 

Females. 

lx 

lx 

lx 

Q,e 

0 

•86491 

•87228 

1,000,000 

1,000,000 

1,000,000 

46,552,631 

1 

•94481 

•94855 

864,905 

872,280 

878,514 

45,640,260 

2 

•97957 

•97395 

817,165 

827,404 

822,179 

44,794,913 

3 

•98435 

■98261 

800,469 

805,848 

803,100 

43,982,273 

4 

•99155 

•99279 

787,944 

791,831 

789,843 

43,185,801 

5 

•99497 

•99635 

781,289 

786,120 

783,651 

42,399,054 

10 

•99672 

•99655 

761,840 

771,867 

766,151 

38,523,048 

15 

•99750 

•99590 

749,435 

758,661 

753,953 

34,721,288 

20 

•99723 

•99380 

740,121 

743,235 

741,641 

30,982,303 

25 

•99562 

•99347 

729,931 

720,500 

725,298 

27,314,955 

30 

•99324 

•99137 

714,071 

697,104 

705,741 

23,737,357 

35 

‘98870 

•99338 

690,244 

667,534 

679,097 

20,275,261 

40 

•98627 

•99103 

652,101 

645,727 

648,968 

16,955,098 

45 

•98326 

•98435 

608,555 

617,295 

612,837 

13,800,585 

50 

•98193 

•98305 

559,287 

570,490 

564,776 

10,856,552 

55 

•97473 

•97706 

510,539 

523,762 

539,940 

8,152.062 

60 

•96047 

•96713 

449,203 

466,371 

457,620 

5,715,461 

65 

•93431 

•95033 

367,170 

394,601 

380,622 

3,619,855 

70 

•88745 

•89680 

261,411 

305,875 

283,218 

1,960,254 

75 

•86518 

•84130 

143,897 

177,431 

160,344 

851,348 

80 

•67122 

•79539 

69,756 

74,781 

72,220 

269,937 

85 

•38119 

•64286 

9,504 

23,807 

16,520 

48,086 

90 

77 

2,614 

1,321 

3,483 

95 

0 

74 

36 

90 

100 

0 

0 
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TABLE  YI. 


Showing  the  calculation  of  the  Haydock  “Death-Rates  in  Standard  Population” 
for  Males,  Females,  and  Persons. 


(In  this  calculation  the  numbers  of  deaths  are  calculated  in  a million  persons, 
divided  up  into  age  and  sex  groups  in  proportion  to  the  mean  age  and  sex  distribution  of 
the  population  of  England  and  Wales  during  the  decennium  18S1-90,  on  the  supposition  that 
the  death-rates  in  the  several  age  and  sex  groups  had  been  the  same  as  those  which  have 
been  calculated  for  Haydock  during  the  same  10  years). 


MALES. 

FEMALES. 

Age. 

Standard 
Population  for 
England  and 
Wales. 

Death-Rates 

for 

Haydock- 

Numbers  of 
Deaths. 

Standard 
Population  for 
England  and 
Wales. 

Death-Rates 

for 

Haydock. 

Numbers  of 
Deaths. 

0-5 

64,122 

52-643 

3,375-590 

64,557 

50-208 

3,241-301 

5-10 

59,333 

5 648 

335-093 

59,673 

5-021 

299-608 

10-15 

54,806 

2-478 

135-829 

54,765 

1-735 

95-217 

15-20 

49,720 

2-597 

129-138 

50,287 

4-730 

237-847 

20-25 

42,922 

2-666 

114-427 

47,564 

5-549 

259-182 

25-35 

71,131 

5-404 

384-380 

77,499 

7-540 

584-342 

35-45 

55,095 

12-199 

672-106 

58,944 

7-717 

454-868 

45-55 

40,472 

17-499 

708-211 

44,478 

16-388 

728-921 

55-65 

27,151 

32-011 

869-142 

30,893 

27-841 

860-095 

65-75 

15,184 

87-691 

1,331-505 

18,326 

71-751 

1,314-904 

75  upwards 

5,591 

228-044 

1,274-982 

7,487 

192-086 

1,438-150 

Total  ) 
Male  V 
Populat’n. ) 

485,527 

Total  > 

Male  Deaths  ) 

9,330-403 

514,473 

9,514-435 

Total  1 
Female  > 
Populat’n  ) 

514,473 

Total  1 

Female  Deaths^ 

9,514-435 

1,000,000 

18,844-838 

Death-Rates 

in 

“ Standard 
Population.  ” 


MALES. 


FEMALES. 


PERSONS. 


9,330-403 

485,527 

9,514-435 

514,473 

18,844-836 

1,000,000 


x 1.000 

X 1,000 

X 1,000 


19-22 

18-49 

18-84 


F 
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TABLE  VI. — continued. 

Comparisons  of  Mean  Annual  Death-Rates  for  1881-90. 


England  * 
and 
Wales. 

Haydock. 

Crude 

Death-Rates. 

Death-Rates 

in 

“ Standard 
Population.” 

Comparative 
Mortality  Figures — 
England  and 
Wales  = 1,000. 

Males  

20-29 

17-00 

19-22 

947 

Females  ... 

18-08 

17-81 

18-49 

1,023 

Persons  ... 

19-15 

17-38 

18-84 

984 

* The  numbers  as  given  in  the  Registrar  General’s  Decennial  Supplement,  Part  I., 
are  respectively  : — 

Males  20-22 

Females  18-01 

Persons  ...  ...  ...  1908 

These  rates,  however,  have  been  calculated  on  the  “Arithmetical  Means  ” of  the  Census 
enumerations  of  1 -<8  L and  1891.  In  order  to  make  them  comparable  with  the  rates  as  they  have 
been  worked  out  for  Haydock,  on  the  true  mean  population  numbers,  they  require  to  be  multiplied 
by  the  proper  “ Factor  of  Correction  ” which  = P0036686. 


TABLE  VII. 


Showing  the  distribution  of  the  mea,n  population  of  Haydock,  in  age  and  sex  groups, 
in  proportions  per  million,  for  the  10  years,  1881-90,  compared  with  the  corresponding  figures 
for  England  and  Wales. 


Ages. 

MALES. 

FEMALES. 

PERSONS. 

Haydock. 

* England 
and 
Wales. 

Haydock 

* England 
and 
Wales. 

Haydock. 

England 

and 

Wales. 

0—5 

81,971 

64,122 

82,960 

64,557 

164,931 

128,679 

5—10 

73,752 

59,333 

73,005 

59,673 

146,757 

119,006 

10—15 

60,506 

54,806 

57,497 

54,765 

118,003 

109,571 

15—20 

57,733 

49,720 

38,749 

50,287 

96,482 

100,007 

20-25 

49,997 

42,922 

36,691 

47,564 

86,688 

90,486 

25-35 

83,246 

71,131 

64,105 

77,499 

147,351 

148,630 

35—45 

55,997 

55,095 

45,340 

58,944 

101,337 

114,039 

45-55 

36,181 

40,472 

30,499 

44,478 

66,680 

84.950 

55—65  . 

22,901 

27,151 

22,142 

30,893 

45,043 

58,044 

65—75 

10,450 

15,184 

11,378 

18,326 

21,828 

33,510 

75  upwards 

2,265 

5,591 

2,635 

7,487 

4,900 

13,078 

All  ages  ... 

534,999 

485,527 

465,001 

514,473 

1.000,000 

1,000,000 

465,001 

514,473 

1,000,000 

1,000,000 

* — The  numbers  for  England  and  Wales,  which  have  been  taken  from  the  Registrar -General’s 
Decennial  Supplement.  Part  I.,  would  appear  to  have  been  calculated  from  the  “ Arithmetical  Means”  of  the 
two  Census  enumerations  of  1881,  and  1891,  and  therefore  to  be  not  strictly  comparable  with  the  numbers 
for  Haydock,  which  have  been  calculated  from  the  true  mean  population  numbers,  but  the  differences 
will  not  be  sufficiently  great  to  invalidate  the  comparisons  made. 


suoaiaung  jo  ^cpunj^ 
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Geometrical  explanation,  in  brief  outline,  of  the  problem  involved  in  calculating 
the  years  of  life  lived  in  quinquennial  periods  from  the  data— 

(1)  Number  of  survivors  “l„”  at  the  beginning  of  a 5-yearly  period. 

(2)  Number  of  survivors  “lx+5,v  at  the  end  of  the  period. 


If  the  numbers  of  survivors  at  the  end  of  each  separate  year  in  a complete  Life-Table 
be  shown  “graphically  ” by  placing  a series  of  dots  arranged  to  scale  with  reference  to  two 
lines,  (a)  a horizontal  one  to  represent  the  years  of  life  and  (b),  a vertical  one  to  represent 
the  numbers  of  survivors,  and  then  a continuous  line  he  drawn  through  these  dots,  a 
“ curve  ” will  be  obtained  something  like  that  shown  below.  (This  is  not,  however,  drawn 
to  scale,  but  is  merely  intended  to  give  a rough  general  idea). 


parts. 

(1)  A deeply  concave  part  from  a to  c,  corresponding  to  the  first  10  years  of  life. 
During  this  time  the  mortality  is  decreasing,  at  first  very  rapidly  from  a to  b,  that  is  from 
age  0 to  age  5,  and  then  less  rapidly  from  b to  c,  corresponding  to  the  period  between  age  5 
and  age  10. 

(2)  From  c to  d,  corresponding  to  the  age-period  10-15.  This  is  but  little  curved 
and  forms  a slightly  descending  nearly  straight  line.  The  mortality  before  the  end  of  this 
period  has  begun  to  increase  a little. 

(3)  From  d to  e,  corresponding  to  the  years  of  life  from  15  to  about  70.  This  forms 
a descending  curve  decidedly  convex  upwards.  During  this  time  the  rate  of  mortality  is 
increasing  more  and  more. 

(4J  From  e to/.  During  this  period  from  about  age  70  onwards, 
the  curve  again  becomes  slightly  concave  upwards,  and  the  rate  of 
mortality  is  very  rapidly  increasing. 

Now  the  total  years  of  life  iived  through  by  a population  of 
lXi  decreasing  in  the  5 years  between  age  x and  age  x-\-  5 to  lx+s<  are  to 
be  represented  geometrically  by  the  area  bounded  below  by  the 
line  x to  x + 5,  and  at  the  .sides  by  the  lines  lx  and  lx+St  and  above  by  the 
intercepted  portion  of  the  Life-Table  curve — which  may  be  (1)  concave, 
(2)  approximating  somewhat  to  a straight  line,  or  (3)  convex  (see  Fig.  2). 

If  the  Death-rate  be  rapidly  decreasing  the  curve  will  be  deeply 
concave. 


Fto.  2 
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If  the  Death-rate  (or  “ force  of  mortality  ”)  be  constant  during  the  5 years,  the  curve 
will  be  a slightly  concave  one  called  “the  Logarithmic  curve”  and  the  years  of  life  lived  in 
the  5 years  can  be  exactly  calculated  by  the  formula  lx  — lx+s 

5x 

Hyp.  Log.  f— 

Lx  + s 

At  no  part  of  the  Life-Table  curve,  however,  can  it  be  said  that  the  “ force  of 
mortality  ” remains  constant  for  5 years. 

Anything  less  concave  than  the  Logarithmic  curve,  that  is  more  nearly  approaching 
to  a straight  line,  and  still  more  so,  a convex  curve,  will  represent  an  increasing  mortality. 

Taking  the  arithmetical  mean  of  lx  and  lx+s,  multiplied  by  5,  as  giving  the  years  of 
life  lived  during  the  5 years  is  equivalent  to  assuming  that  the  “ curve  ” is  a straight  line, 
and  that  the  deaths  are  evenly  distributed  through  the  5 years,  so  that  an  equal  number 
will  he  occurring  in  each  of  the  5 years. 

If  the  curve  be  deeply  concave  the  arithmetical  mean  will  give  a value  decidedly 
too  great — but  during  the  age-period  0 — 5 to  which  this  consideration  would  most  strongly 
apply,  the  years  of  life  lived  have  been  calculated  for  the  separate  years.  It  also  applies, 
however,  to  the  age-period  of  5 — 10. 

If  the  curve  be  only  a little  concave,  i.e.,  rather  less  concave  than  the  Logarithmic 
curve  (or,  in  other  words,  more  nearly  approaching  to  a straight  line),  the  arithmetical 
mean  will  give  a value  only  a little  too  great.  This  may  apply,  more  or  less,  to 
the  part  of  the  Life-Table  curve  from  age  70  onwards.  And  if  the  curve  be  convex  upwards, 
as  is  the  case  during  the  greatest  part  of  the  Life-Table  curve,  then  the  arithmetical  mean  will 
give  a value  rather  less  than  the  true  mean. 

To  take  the  “geometrical  mean ” of  lx  and  lx+5  would  be  simply  to  assume  that  there 
is  one  particular  kind  of  concave  curve,  and,  as  has  been  seen,  this  would  be  inaccurate  for 
the  greater  part  of  the  Life-Table  curve.  Further,  when  applied  to  this  calculation,  the 
geometrical  mean  would  imply  a higher  rate  of  mortality  at  age  40  than  at  age  41,  and  at 
age  41  than  at  age  42,  &c.,  which  is  absurd. 

On  the  other  hand,  the  arithmetical  mean  implies  an  increasing  rate  of  mortality 
during  each  of  the  5 years  of  a given  quinquennium,  which  is  in  accordance  with  the  actual 
facts,  at  least  after  age  15.  Thus  to  take  a particular  instance,  in  the  Haydock  Life-Table 
for  Males  we  have  332,231  men  at  age  40,  reduced  to  310,046  at  age  45,  by  22,185  deaths  in 
the  5 years.  These  deaths  are  assumed  to  be  equally  distributed  over  the  whole  period, 
that  is,  4,437  will  happen  in  each  year.  Thus,  in  the  year  of  life  following  age  40,  4,437 
deaths  will  occur  out  of  332,231  living,  in  the  year  of  life  following  age  41,  4,437  deaths  will 
occur  out  of  327,794  living,  in  the  next,  year  4,437  out  of  323,357,  in  the  next,  4,437  out  of 
318,920,  and  in  the  last,  4,437  out  of  314,483,  thus  giving  every  year  a greater  proportionate 
mortality. 

The  following  figures  represent  the  actual  working  out  of  the  results  for  this  age- 
period  by  the  respective  methods  of  Arithmetical,  Logarithmic,  and  Geometrical  means. 

Referring  to  the  following  Diagram  (Fig.  3)  (which  may  be  used  for  illustration, 
althought  not  drawn  for  this  calculation),  we  have  given  two  upright  lines,  or  “ordinates,” 
lM  — 332,231,  and  lxs  — 310,046,  erected  upon  the  horizontal  line,  or  “abscissa,”  at  a distance 
apart  representing  5 years.  The  ordinates  will  be  joined  at  their  upper  extremities  by  some 
sort  of  curve.  The  area  enclosed  will  depend  upon  the  shape  of  the  curve,  and  has  to  be 
estimated  by  the  mean  height  of  the  ordinates. 

(1)  If  the  “curve”  be  a straight  line,  the  mean  height  of  ordinates  will  be 
This  is  the  Arithmetical  mean  or  “A.” 
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(2)  If  the  curve  be  the  “ logarithmic  curve,”  the  actual  mean  height  of  the  ordinates 
will  be  found  by  the  formula  lM — li5 


Hyp.  Log. 


IM 

l. 


This  may  be  called  the  Logarithmic  mean  or  “L.” 


(3)  If  the  curve  be  the  one  corresponding  to  the  Geometrical  mean,  the  mean  height 
of  the  ordinates  may  be  taken  as  V li0  X l45  This  may  be  called  “G.” 


If  A,  L,  and  G be  compared  with  each  other,  it  will  be  found  (very  nearly)  that  A 
is  longer  than  L b}r  twice  the  distance  that  L is  longer  than  G. 

A + 2 G 3 L - A 

Therefore  L = , and  G = 

3 2 

In  this  case  A zr  321,138-5 
L = 321,010-8 
G = 320,947 

and  the  years  of  life  lived  are  to  be  deduced  from  each  of  these  values  by  multiplying  by  5. 

Therefore  the  years  of  life  lived  during  the  age-period  40 — 45,  are  as  follows : — 

By  Arithmetical  mean  — 1,605,693 

By  Logarithmic  mean  — 1,605,054 

By  Geometrical  mean  — 1,604,735 

In  order  to  calculate  the  values  of  the  intermediate  yearly  ordinates  corresponding 
respectively  to  A,  L,  and  G,  the  methods  indicated  under  the  respective  headings  below  are 
to  be  adopted,  and  thus  the  yearly  rates  of  mortality  assumed  by  the  different  “ means  ” 
may  be  worked  out. 


Annual  Rates  of  Mortality  assumed  by  Arithmetical  mean. 

The  numbers  of  survivors  at  each  separate  year  of  the  5-yearly  period  are  to  he  obtained  by  successive 
332,231-310,046 

subtractions  of = 4,437 

5 


No.  of  Survivors. 

No.  of  Deaths. 

Death-rate  per  1,000 

Age  40 

332,231 

4,437 

13-36 

„ 41 

327,794 

do. 

13-54 

„ 42 

323,357 

do. 

13-72 

„ 43 

318,920 

do. 

13-91 

„ 44 

314,483 

do. 

14T1 

„ 45 

310,046 

Annual  Rates  of  Mortality  assumed  by  Logarithmic  mean. 

We  have  332,  231  decreasing  in  5 years  to  310,046, 

therefore  Annual  rate  of  Decrease  — /3l0|04g 

/V  332,231 

I — Vnnu-il  rat ' — Log’  310’046  ~ L°g-  332,231  _ 5-4914261  — 5-5214401 
og.  . nnua  m e _ --  g ~ 5 


— 1-9939972 


Therefore  Annual  rate  — -98627 


No.  of  Survivors, 

Mo.  of  Deaths. 

Death-rate  per  1,000 

Age  40 

332,231 

4,561 

13-73 

„ 41 

327,670 

4,497 

do. 

„ 42 

323,173 

4,437 

do. 

„ 43 

318,736 

4,375 

do. 

„ 44 

314,361 

4,315 

do. 

„ 45 

310,046 
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Annual  Rates  of  Mortality  assumed  by  Geometrical  mean. 

(Having  given  above,  («)  the  number  of  survivors  at  each  year,  as  deduced  by  the  Arithmetical  mean,  which 
may  be  called  “A,”  and  ( b ),  the  corresponding  numbers  deduced  by  the  Logarithmic  curve,  which  may  be  called  “ L,” 
the  corresponding  yearly  numbers  for  the  Geometrical  mean,  which  may  be  called  “ G,”  are  to  be  very  nearly  deduced 


as  follows : — 

Since  (very  nearly) 

T A + 2 G ^ x 

1j  = therefore 

« = 3LA) 

No.  of  Survivors. 

No.  of  Deaths. 

Death-rate  per  1,000 

Age  40 

332,231 

4,623 

13-92 

>> 

41 

327,608 

4,527 

13-82 

)) 

42 

323,081 

4,437 

13-73 

77 

43 

318,644 

4,344 

13-63 

77 

44 

314,300 

4,254 

13-53 

77 

45 

310,046 

All,  however,  that  is  shown  by  the  above  figures  is  the  relation  which  these  three 
means,  A,  L,  and  G,  bear  to  each  other.  But,  from  the  facts — 

(1)  That  the  Arithmetical  mean  implies  an  increasing  rate  of  mortality,  which  is 
in  accordance  with  what  actually  exists,  and 

(2)  That  from  the  shape  of  the  Life-Table  curve  the  true  years  of  life  will  be  even 
greater  in  number  than  the  value  deduced  by  A,  it  is  at  least  evident  that  A will  give  a 
nearer  approximation  to  the  truth  than  either  L or  G. 

Diagram  to  Illustrate  the  Graphic  Construction  oe  the  Arithmetical, 
Geometrical,  and  Logarithmic  means  of  lx  and  lx+c_ 


Fig.  3 


X 


X+l 


x+z 


X+3 


X + t X+5 
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In  order,  if  possible,  to  make  the  matter  clearer,  the  argument  may  be  re-stated  in 
the  following  way,  to  illustrate  which  the  Diagram  (Fig.  3)  has  been  specially  drawn. 


Let  an  extreme  case  be  taken  to  illustrate  the  calculation  of  the  years  of  life  lived 
between  age  x and  age  x+5. 


Suppose  the  Life-Table  to  show  that  the  survivors  are  reduced  to  rather  less  than 
one-fourth  as  many  at  age  x-\-5  as  at  age  x.  This  state  of  things  might  be  reached  by  a 
constant  reduction  of  one-fourth  in  each  intermediate  year,  that  is,  the  chance  of  living  one 
year  or  “p  ”—75— so  that  px  ~ px+,  — px+2  — px+s  — px+i  — -75. 

If  this  were  the  law  of  survival  then  the  years  of  life  lived  would  be  overstated  by  the 

arithmetical  mean,  or  ^ ' J - ''  x5,  and  understated  by  the  geometrical  mean,  that  is,  by 

Vfc  x x S- 


The  true  value  of  the  years  of  life  lived  would  be  found  by  the  formula 

(<;  t'x+s  7 

Hyp. Log.  7 x x 5 or,  calling  the  arithmetical  mean  “A”  and  the  geometrical  mean  “G,” 


£+.? 


the  value  deduced  from  the  last  formula  almost  exactly  corresponds  to  A + 2G. 


In  the  Diagram  (Fig.  3)  the  arithmetical  mean  value  of  the  years  of  life  lived  is 
represented  by  the  parallelogram  A1,  x,  x + 5,  A.  , the  geometrical  mean  by  the  parallelo- 
gram G1,  x,  x + 5,  G.  , and  the  logarithmic  mean  by  the  parallelogram  L1,  x,  x + 5,  L. 

It  should  be  noted  that  the  distance  of  G to  L should  be  exactly  one-third  of  the 
distance  of  G to  A. 


The  middle  “ curve  ” in  the  Diagram  is  intended  to  represent  the  “ curve  of  equal 
proportional  decrements,”  or  the  “ Logarithmic  ” curve. 

By  the  hypothesis  with  which  we  started,  viz.,  that  p — ’75,  the  value  of  lx+,  would  be 
three-fourths  the  value  of  lXy  the  value  of  lx+2t  three-fourths  that  of  lx+u  and  so  on.  The 
curve  has  therefore  been  constructed  by  marking  off  points  in  the  upright  lines,  or 
“ ordinates,”  so  that  each  of  these  ordinates  shall  be  f of  the  previous  one,  and  then  straight 
lines  have  been  drawn  from  one  point  to  the  next — (This  makes  the  construction  clear,  and 
every  curve  may  he  conceived  of  as  consisting  of  an  infinite  number  of  straight  lines). 

Again,  if  the  law  of  survival  were  that  equal  numbers  died  in  each  year,  the  chance  of 
living,  or  px,  would  decrease  from  about  -85  in  the  first  year  to  about  -61  in  the  fifth  year, 

an  5.  would  give  the  true  years  of  life. 

In  the  Diagram,  as  lias  been  already  explained,  the  “curve”  of  the  arithmetical  mean 
is  represented  by  drawing  a straight  line  joining  the  extreme  ordinates. 

The  lower  dotted  curved  line  is  intended  to  approximately  represent  the  curve  of 
the  geometrical  mean.*  Each  of  the  yearly  ordinates  is  less  than  the  corresponding 
ordinate  of  the  Logarithmic  curve  by  a length  equal  to  (very  nearly)  half  the  difference  of 
the  Arithmetical  and  Logarithmic  ordinates. 

The  geometrical  mean  would  therefore  give  true  results  if  the  Life-Table  curve  were 
something  like  this,  which  it  is  not.  Further,  the  formula  V/.cx(f+;  X 5 would  correctly 
represent  the  years  of  life  only  if  the  probability  of  living  a year  were  less  (and  therefore 
the  rate  of  mortality  greater)  at  the  beginning  than  at  the  end  of  the  5-year  period.  Thus, 
in  the  instance  now  being  considered,  px  would  be  about  ‘70,  and  px+,  would  be  about  -85. 
(This  has  been  previously  demonstrated  by  the  actual  example  worked  out).* 


— This  curve  might  have  also  been  represented  by  a series  of  straight  dotted  lines  joining  the  intersected 
points  in  the  ordinates. 
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As  a matter  of  fact,  at  all  periods  after  earl)'-  childhood,  the  probability  of  living  a year 
becomes  less  (and  the  rate  of  mortality  greater ) from  year  to  year  as  age  goes  on. 

The  Life  Table  curve,  therefore,  generally  lies  on  the  same  side  of  the  curve  of  equal 
proportional  decrements  (Logarithmic  curve),  as  does  the  straight  line  joining  the  ends  of 
the  section  of  curve  under  consideration — when  it  is  concave,  it  lies  between  the  Logarithmic 
curve  and  the  straight  line,  and  when  it  is  convex  it  lies  beyond,  or  outside,  the  straight 
line. 


There  is,  therefore,  an  a priori  probability  that  ^ Jr+i  x 5 gives  the  years  of  life 
more  correctly  than  does  *Jlx  X x5. 

This  probability  is  strengthened  by  a couple  of  cases  taken  haphazard  from  the  most 
recent  Life-Table  for  England  and  Wales  (Males),  which,  of  course,  has  been  worked  out  in 
the  “ extended  ” form,  that  is,  for  each  year  of  life  separately. 


I. — Take  first  of  all  the  Age-period  35-40. 


Number  of  Males  surviving  at  age  35  (or  /3.)  — 325,694. 

Number  of  Males  surviving  at  age  40  (or  Z40)  zz  308,015. 

(The  numbers  for  the  intermediate  years,  that  is,  Z3fii  l37  Z38  Z39i  need  not  be  quoted.) 

The  true  years  of  life  lived  during  these  5 years  are  to  be  deduced  from  the  Life- 

Table  by  subtracting  the  years  of  life  lived  in  and  above  age  40  (or  Q40)  from  the 

years  of  life  lived  in  and  above  age  35  (or  Q3.).  Now  Qih — ()4n  = 9,414,979 — 7,829,599 

-i  -or  QQA  , _ p i.f  ^35+  2 (Z3r  + l37  + Z38  -f-  Z39)  A Iw 

— 1,d85, 380  true  years  oi  life  zz  o 


The  arithmetical  mean,  that  is  hs  + Ao 

2 


x 5 zz  1,584,273. 


The  geometrical  mean,  that  is  \ZZ35  X Z49  x 5 — 1,583,650. 
Therefore — 

the  error  of  arithmetical  mean  — — 1,107  (or  1 in  1,432). 
the  error  of  geometrical  mean  zz — 1,730  (or  1 in  916). 


II. — Similarly  let  the  age-period  65-70  be  taken. 

/„  = 164,202.  l70  — 121,507. 

Q6r> — Qro  — 1,692,398 — 977,076  zz  715,322  zz  true  years  of  life 

4H-J-70  x 5 _ 7i4)273,  and  x 5 zz  706,252. 

Error  of  arithmetical  mean  zz  — 1,049  (or  1 in  682). 

Error  of  geometrical  mean  zz  — 9,070  (or  1 in  79). 

This  makes  it  reasonably  certain  that  the  arithmetical  mean  gives  results  which  are 
not  only  more  correct  than  those  of  the  geometrical  mean,  but  which  are  themselves  very 
near  indeed  to  the  truth.  For,  it  is  evident  that  if,  in  the  English  Life-Table  we  had 
had  only  Z33  and  Z40  or  Z&5  and  Z70i  to  work  from,  a much  nearer  approximation  to  the  true 
value  of  Q3r> — Qw,  01'  of  QG5 — Q70i  would  have  been  obtained  by  taking  the  Arithmetical  means, 
than  either  the  “ Logarithmic  ” or  Geometrical  means.  Therefore,  in  the  Ilaydock  Life- 
Table,  having  only  the  numbers  lx  and  lx+s  to  work  from,  it  has  been  best  to  use  the 
Arithmetical  means,  as,  thus,  a truer  result  has  been  obtained  than  could  have  been  arrived 
at  by  any  method  except  one  much  too  elaborate  and  complicated  to  be  more  than  alluded  to. 


2 ( + la7 + lm + lm) + Z70 

- 2 
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It  may  here  be  incidentally  mentioned  that  the  second  of  the  two  earlier  discarded 
Life-Tables  which  I worked  out  was  calculated  both  for  arithmetical  and  geometrical 
means.  The  following  were  the  comparative  results  obtained  as  regards  the  mean 
“expectation  of  life  ” at  Birth: — 

MALES.  FEMALES. 

By  Arithmetical  means  45-93  46'96 

By  Geometrical  means  45’70  46'75 

At  the  later  age-periods,  the  differences,  of  course,  became  very  marked. 

Explanation  of  the  apparent  paradox  that  the  last  part  of  the  Life-Table  curve 

is  concave,  although  the  mortality  is  rapidly  increasing. 

(1)  The  chance  of  living  is  not  measured  by  the  slope  of  the  Life-Table  curve,  but 
by  the  ratio  of  successive  ordinates. 

(2)  The  slope  of  the  curve  depends  (a)  on  the  ratio  of  the  ordinates  and  (b)  on  their 
distances  apart. 

(3)  In  a Life-Table  curve  the  successive  decrements  of  the  ordinates  are  the  numbers 
of  deaths.  These,  of  course,  tend  to  increase  with  a greater  rate  of  mortality,  but  to  decrease 
with  decreased  numbers  of  survivors. 

Decrement  of  ordinates  ,,  , „ , 

— e j. — -r-- — 7 = Mean  rate  of  mortality. 

Mean  of  ordinates  J 

For  the  line  of  reasoning  in  the  preceding  argument,  and  to  a very  large  extent  for 
the  mode  of  expressing  the  ideas  and  mathematical  formulae  involved,  I am  indebted  to 
help  which  Mr.  A.  C.  Waters  has  been  good  enough  to  give  me  from  time  to  time  in 
answering  questions  as  to  difficulties  and  in  writing  explanatory  notes  thereon.  In 
arranging  the  order  of  what  has  been  said,  and  in,  perhaps  needlessly,  repeating  sometimes 
the  same  thing  again  and  again  in  different  ways,  I have  had  the  object  in  view  of 
endeavouring  to  make  the  matter  as  clear  to  others,  who  may  have  even  less  than  my  own 
little  mathematical  knowledge,  as  he  has  made  it  clear  to  me.  In  this,  only  too  probably,  I 
may  have  but  very  indifferently  succeeded.  However,  in  thus  fully  and  frankly 
acknowledging  the  source  of  my  help,  I would  wish  to  carefully  guard  against  any 
possibility  of  Mr.  Waters  seeming  to  be  in  any  degree  responsible  for  my  own  errors  in 
failing  either  to  understand  his  reasoning  or  in  the  attempt  to  interpret  it  to  others. 

For  some  things,  such  as  the  use  of  the  expression  “Logarithmic  mean,”  and  the 
mode  of  attempting  the  graphic  construction  of  the  curve  corresponding  to  the  geometrical 
mean,  I have  to  take  the  responsibility  myself. 


G 


50 


ADDENDUM. 


Since  the  preceding  pages  were  put  into  type  it  has  occurred  to  me  that  one  thing 
more  remains  to  be  done  to  make  the  work  which  I have  undertaken  complete. 

A Life-Table  has  been  worked  out  for  Haydock  which  only  professes  to  be  an 
approximation  to  the  results  which  would  be  obtained  by  constructing  an  “ Extended  ” 
Life-Table  (that  is,  one  calculated  for  every  separate  year  of  life). 

It  is  of  importance,  therefore,  to  determine,  if  possible,  how  nearly  the  results 
obtained  by  the  abbreviated  method  used  (which  has  been  fully  described)  can  come  to  the 
perfect  results  of  an  extended  Life-Table. 

This  determination  might  be  made  in  one  or  other  of  two  ways. 

(1)  By  working  out  an  extended  Life-Table  for  Haydock  and  comparing  the  results,  or 

(2)  By  working  out  an  abbreviated  Life-Table  for  5-yearly  periods  for  England  and 
Wales  from  the  same  data  as  those  from  which  the  last  complete  Life-Table  was  calculated. 

The  latter  method  is  for  many  reasons  the  best  to  adopt. 

In  the  Supplement  to  the  35th  Annual  Report  of  the  Registrar-General,  the  late  Dr.  Rare  gave  the  results 
of  a Life-Table  for  England  and  Wales  calculated  by  a “ short”  method  which  he  had  devised,  from  the  same  data 
as  those  from  which  his  English  Life-Table  No.  3 had  been  worked  out,  viz.,  the  numbers  living  and  dying  in 
England  and  Wales  during  the  17  years  1838-54,  and  these  results  were  brought  into  comparison  with  those  of  the 
extended  Life-Table. 

The  following  is  a copy  of  the  Tabular  Statement.  (The  “extended”  Life-Table  is  denoted  by  “A”  and  the 
“short”  Life-Table  by  “C”). 


AGES. 

MEAN  AFTER-LIFETIME. 

By  “A” 

By  “C” 

Differences  of 
“C”  from  “A” 

c 

39-91 

40-00 

+ 

•09 

5 

49-71 

49-82 

+ 

T1 

> 

10 

47-05 

47-05 

+ 

•00 

15 

43-18 

43-21 

+ 

•03 

25 

36-12 

36-49 

+' 

•37 

35 

29-40 

29-80 

+ 

■40 

45 

22-76 

23-19 

+ 

•43 

55 

16-45 

16-89 

+ 

•44 

65 

10-82 

11-35 

-f 

•53 

75 

6-49 

7-39 

+ 

•90 

85 

3-73 

5-48 

+ 

1-75 

95 

2-17 

5-00 

+ 

2-83 

In  this  “short”  method,  the  calculations  for  the  first  five  years  of  life  were  taken  as 
already  made  in  the  extended  Life-Table.  Afterwards  the  mean  chances  of  living  one  year 
were  worked  out  from  the  numbers  of  the  living  and  of  the  dying  for  the  5-yearly  age-periods 
5-10  and  10-15,  and  then  for  successive  10-yearly  periods. 

Since  this,  I am  not  aware  that  any  attempt  has  been  made  to  compare  the  results 
to  be  obtained  by  this  short  method  with  those  of  the  subsequent  complete  Life-Tables  for 
England  and  Wales. 
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It  therefore  seemed  desirable  to  show  how  the  somewhat  more  elaborate  short 
method  which  has  been  described  as  applied  to  the  Haydock  Life-Table  would  compare  in 
its  results,  when  applied  to  England  and  Wales,  with  the  last  extended  Life-Table  for 
England  and  Wales. 

The  data  provided  are  those  corresponding  to  what  have  been  given  for  Haydock  in 
the  preceding  Tables  I.,  II.,  III.,  and  IV. 

For  the  first  5 years  of  life  the  calculations  have  been  taken  as  already  made  in  the 
extended  Life-Table  for  England  and  Wales  given  in  the  Supplement  to  the  55th  Annual 
Report  of  the  Registrar-General,  Part  I.  The  true  mean  Population  numbers  and  the 
numbers  of  deaths  at  the  various  age-periods  are  given  in  Part  II.  of  the  same  Supplement, 
Table  XI.  These  numbers  have  been  dealt  with  in  the  same  way  as  has  already  been 
described  (see  pages  19-21),  by  interpolating  intermediate  terms  in  the  series  of  Logarithms 
corresponding  to  the  numbers  representing  u15i  u25i  u36  &c.,  both  for  Population  — J Deaths 
and  Population  + J Deaths,  and  then  from  the  intercepted  numbers  corresponding  to  the 
5-yearly  age-periods  obtaining  the  mean  chances  of  living  one  year  by  UAf 

It  should  be  noted,  however,  that  for  the  age-periods  5-10,  and  10-15,  the  numbers 
of  Population  and  Deaths  have  been  taken  as  given  in  the  Table  XI.  referred  to,  as  these 
were  found  to  give  results  nearer  to  those  of  the  extended  Life-Table  than  those  obtained  by 
the  formula  for  interpolating  u10 

A difficult}"  has  been  met  with  in  completing  the  abbreviated  Life-Table  after  age 
85,  as  the  figures  given  in  the  Table  XI.  referred  to  do  not  extend  any  further  than  age  85 

AND  UPWARDS. 

It  has  been  impossible  therefore  to  interpolate  u90  Under  these  circumstances  the 
only  way  to  get  over  the  difficulty  seemed  to  be  to  allow  for  the  15,917  survivors  kemaining 
at  age  85  (/.„),  years  of  after-lifetime  in  proportion  to  those  calculated  for  the  15,207 
survivors  at  the  same  age  (lss)  in  the  extended  Life-Table. 

This  procedure  is,  of  course,  open  to  the  objection  that  the  calculated  mean  after- 
lifetime at  the  later  ages  is  made  less  than  it  would  have  been  by  continuing  the  calculation 
on  the  same  lines. 

Still,  a study  of  the  following  Table  VIII.  will  show  that  by  the  method  employed  a 
“short”  Life-Table  can  be  constructed  for  5-yearly  periods  so  much  more  closely  approxi- 
mating to  the  results  of  an  extended  Life-Table,  on  the  whole,  than  does  a short  Life-Table 
calculated  by  the  usual  easier  and  “ cruder  ” method,  as  to  make  it  quite  worth  while,  if  a 
local  Life-Table  is  to  be  worked  out  at  all,  to  devote  to  it  the  little  extra  labour  and 
trouble  involved  in  the  method  of  interpolation. 

Since  writing  the  above  I have  worked  out  two  other  “ short  ” Life-Tables  for 
England  and  Wales  (males),  the  results  of  which  are  given  in  Table  IX. 

(1)  The  first  of  these  called  C in  the  Table  was  constructed  by  the  simple  short 
method  of  Dr.  Farr.  It  had  however  to  be  carried  on  after  age  85  by  taking  the  results  of 
the  extended  Life-Table,  and  therefore  the  differences  in  excess  do  not  come  out  so  strongly 
marked  as  those  in  Dr.  Farr’s  own  short  Life-Table.  Still  in  so  far  as  it  goes  the  results  are 
parallel — a very  near  approximation  at  the  earlier  ages,  and  increasing  differences  in  the 
way  of  excess  at  the  later  ages. 

(2)  The  remaining  Life-Table  (called  D in  Table  IX.),  was  worked  out  from  an 
idea  which  may  be  considered  my  own,  at  least  in  so  far  that  it  occurred  to  me  without 
being  consciously  directed  to  it  by  any  one  else. 

A reference  to  pages  17-18  will  show  the  considerations  on  which  the  idea  was  based. 

It  seemed  to  me  that  even  if  the  mean  chances  of  living  one  year  be  calculated  for 
10-yearly  periods  from  the  numbers  of  Population  and  Deaths  at  the  respective  periods, 
without  interpolation,  a nearer  approach  to  the  results  of  a perfect  Life-Table  would  probably 
be  obtained  by  making  the  calculations  for  each  10-yearly  period  at  two  stages  instead  op 
one. 
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Thus  to  take  an  actual  example  from  the  Life-Table  D : — 

At  age  65  the  number  of  survivors  or  (les)  is  166,542.  The  me?  n chance  of  living  one  year 
in  the  interval  from  age  65  to  age  75  has  been  calculated  from  the  numbers  of  Population 


and  Deaths,  as 


id 


415,418  — 14,644  _ .93190 


P + Jd  415,418  + 14,644 


In  the  Life-Table  C the  number  of  survivors  at  age  75  (or  ls ) was  thus  arrived  at, 
166,542  x (-93190) 10  = 82,264. 


The  mean  number  living  in  the  interval  from  age  65  to  age  75  (or  PC5)  = 


166,542  + 82,264 
2 


= 124,403,  and  the  years  of  life  lived  = 124,403  X 10  — 1,244,030. 


On  the  other  hand  in  Life-Table  D the  calculation  was  made  thus : — 

(1)  166,542  x (-93190)5  = 117,048. 

(2)  117,048  x (-93190)5  = 82,264. 
mean  number  living  from  age  65  to  age  75  (or  Pes) 

166,542  + 117,048  117,048  + 82,264 

= 2 + 2 r=  120,725-5 

2 

and  the  years  of  life  lived  — 120,725"5  X 10  — 1,207,255 

This  last  number  therefore  is  found  to  differ  from  the  number  found  by  the  one  stage 
calculation  by  — 36,775. 


A reference  to  Table  IX.  will  show  that  by  this  method  a remarkably  accurate 
result  has  been  obtained  at  the  later  ages,  whereas  as  might  have  been  expected,  at  the 
earlier  ages  there  is  an  error  in  the  way  of  deficiency. 


The  two  Life-Tables  C and  D will  be  seen  to  mutually  complement  each  other : 
C gives  nearly  true  results  at  the  ages  0,  5,  and  10,  and  D nearly  true  results  at 
the  later  ages. 


If  it  be  desired  therefore  to  merely  work  out  the  mean  expectation  of  Life  for 
10-yearly  intervals  after  age  15,  the  combination  of  these  two  methods  C and  D appears  to 
give  promise  of  a very  near  approximation  to  the  truth. 

Both  Life-Tables,  by  method  C,  and  by  method  D,  would  have  to  be  worked 
out  to  completion  (at  least  in  so  far  as  to  arrive  at  the  years  of  life  lived  in  each  age-period). 
Up  to  age  15  these  years  of  life  would  be  identical  in  both  Life-Tables.  Then  for  the 
Qx  and  Ex  columns,  the  results  of  C would  be  taken  for  ages  0,  5,  and  10,  the  rest  being 
discarded,  and  the  continuation  would  have  to  be  made  by  D.  * 

It  must  be  noted,  however,  that  method  D does  not  give  accurate  results  for 
THE  EVEN  INTERMEDATE  AGES  40,  50,  60,  &C. 


These  differ  by  excess  from  the  results  of  the  extended  Life-Table. 
The  intermediate  differences  are  indicated  in  Table  IX. 


While  admitting  these  advantages  of  the  combined  method  of  C and  D,  the 
method  of  interpolation,  B has  the  following  considerations  in  its  favour. 

(1)  All  throughout  from  the  first  to  the  last  of  the  quinquennial  periods  it  gives  an 
even  and  fairly  close  approximation  to  the  results  of  A. 

(2)  For  local  Life-Tables  it  would  tend  to  more  evenly  distribute  anomalies  and 
accidental  variations,  and  generally  to  make  a smoother  Life-Table. 

In  conclusion  it  must  be  understood  that,  apart  from  the  work  of  the  English 
Life-Table  which  I have  taken  as  already  calculated  for  the  first  five  years  of  Life,  and  after 
age  85,  the  figures  presented  are  given  solely  on  my  own  responsibility. 

All  possible  effort  has  been  made  to  be  accurate,  and  it  can  only  be  hoped  that, 
should  anyone  take  the  trouble  to  check  the  calculations,  no  very  serious  errors  will  be 
found. 

* — As  will  be  afterwards  pointed  out,  the  truest  result  for  age  10  is  to  be  obtained  by  taking  the  mean  of  the 

results  arrived  at  by  methods  “C”  and  “D.” 
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TABLE  VIII. 

Showing1  the  results  obtained  by  working  out  a LIFE-TABLE  for  ENGLAND 
and  WALES  (Males)  for  5-yearly  periods  by  the  same  method  previously  described 
as  used  for  the  Haydock  Life-Table,  and  from  corresponding  data,  and  the  comparison 
of  these  results  with  those  of  the  complete  or  extended  Life-Table  for  England  and 
Wales  as  given  in  the  Registrar-General’s  Decennial  Supplement  for  1881-90. 


(In  the  headings  of  the  Table,  “ A ” denotes  the  extended  or  yearly  Life-Table,  and 
“ B ” the  short  or  5-yearly  Life-Table). 


Px 

lx 

Ex 

Age. 

Mean  chances  of  living  one 
year  in  the  interval 
following 
age  x. 

Number  of  Survivors 
at  each  age. 

Mean  after-lifetime,  or 
Expectation  of  Life. 

X 

A* 

B 

Differences 
of  B 
from  A. 

A 

B 

Differences 
of  B 
from  A. 

A 

B 

Differences 
of  B 
from  A. 

0 

— 

— 

— 

509,180 

509,180 

— 

43-66 

43-51 

— 0 15 

5 

•99516 

■99467 

--•00049 

382,646 

382,646 

— 

52-75 

52-55 

— 0-20 

10 

•99801 

•99705 

— •00096 

373,472 

372,551 

— 951 

49-00 

48-91 

— 0-09 

15 

•99622 

•99545 

—■00077 

369,764 

367,915 

— 1,849 

44-47 

44-49 

+ 0-02 

20 

•99468 

•99457 

—•00011 

362,819 

359,631 

— 3,188 

40-27 

40-46 

+ 0T9 

25 

•99283 

•99299 

+ -00016 

353,273 

349,984 

— 3,289 

36-28 

36-51 

+ 0-23 

30 

•99099 

•99144 

+ -00045 

340,783 

337,884 

- 2,899 

32-52 

32-73 

+ 0-21 

35 

•98890 

•08870 

— •00020 

325,694 

323,660 

— 2,034 

28-91 

29-05 

+ 0T4 

40 

•98624 

•98650 

+ -00026 

308,015 

305,788 

- 2,227 

25-42 

25-61 

+ 019 

45 

•98284 

•98282 

— •00002 

287,400 

285,689 

— 1,711 

22-06 

22-23 

+ 0-17 

50 

•97793 

•97844 

+ -00051 

263,571 

261,982 

— 1,589 

18-82 

19-02 

+ 0-20 

55 

■97040 

•97026 

—•00014 

235,741 

234,938 

— 803 

15-74 

15-92 

+ 0-18 

60 

•95861 

•96050 

+ -00189 

202,857 

202,020 

— 837 

12-88 

13T0 

+ 0-22 

65 

•94155 

•94334 

+ -00179 

164,202 

165,147 

+ 945 

10-31 

10-47 

+ 0T6 

70 

•91560 

•91562 

+ -00002 

121,507 

123,368 

+ 1,861 

8-04 

817 

+ 0-13 

75 

•87741 

•88101 

+ -00360 

78,358 

79,395 

+ 1,037 

6-10 

6-31 

+ 0-21 

80 

•82109 

•82307 

+ -00198 

40,746 

42,141 

+ 1,395 

4-52 

4-69 

+ 017 

85 

— 

— 

— 

15,207 

15,917 

+ 710 

— 

— 

— 

* — These  fractions  represent  the  numerical  values  of  logs.  px  + Px  + 1 + Px  + 2 + Px  + 3 + Px  + 4 in  each  of  the 
5-yearly  periods.  5 


54 


TABLE  IX. 

Comparing  the  results  of  two  other  shortened  Life-Tables  for  England  and  Wales 
(Males),  “C”  and  “D”  (which  have  been  calculated  from  the  same  data  as  the  preceding 
Life-Table  “B”  in  Table  VIII.),  with  the  results  of  the  extended  Life-Table  “A,”  as 
regards  the  values  of  Ex  (mean  after-lifetime)  obtained. 

In  all  three  Life-Tables,  B,  C,  and  D,  the  results  of  the  complete  English  Life-Table  A have  been  taken 
as  already  calculated  for  the  first  5 years  of  life  and  from  age  85  upwards. 

“ C”  has  been  worked  out  by  the  short  method  of  Dr.  Farr. 

“D”  by  a simple  modification  of  Dr.  Farr’s  method,  as  previously  described. 


MEAN  AFTER-LIFETIME, 

OR  EXPECTATION  OF 

LIFE — Ex. 

Age. 

c 

Differences  of 
C from  A. 

D 

Differences  of  D from  A. 

Age. 

0 

43  65 

- 01 

43-42 

— -24 

5 

52  74 

- 01 

52-43 

— -32 

10 

4910 

+ 10 

48-79 

— -21 

15 

44-69 

+ -22 

44  37 

- 10 

20 

+ 

*15 

25 

36-71 

+ -43 

36  38 

+ 10 

30 

+ 

*20 

35 

29-28 

+ -37 

28  92 

+ 01 

40 

+ 

*19 

45 

22-48 

+ -42 

22  09 

+ 03 

50 

+ 

*26 

55 

16-22 

+ -48 

15  77 

+ 03 

60 

+ 

•40 

65 

10-88 

+ -57 

1033 

+ 02 

70 

+ 

•59 

75 

I 

6-91 

+ -81 

6 23 

+ 13 

80 

+ 

’75 

In  order  to  avoid  the  fallacy  of  generalising  too  much  from  one  particular  instance, 
I have,  in  addition,  worked  out  the  “ short  ” method  (by  combining  “ C ” and  “ D ”)  as 
applied  to  the  female  section  of  the  last  Life-Table  for  England  and  Wales,  and  the  results 
obtained  are  in  accordance  with  those  previously  arrived  at  for  the  male  section — in  giving 
a very  close  approximation  to  the  results  of  “ A.” 

It  has  been  found,  however,  that  for  age  10  the  nearest  approach  to  “A”  is 

TO  BE  OBTAINED  BY  TAKING  THE  ARITHMETICAL  MEAN  OF  THE  VALUES  OF  E10  BY  METHODS 

“ C ” and  “ D.”  The  rules  previously  given  are,  therefore,  to  be  modified  to  this  extent. 

Having  submitted  the  results  to  Mr.  A.  C.  Waters,  they  are  considered  by  him  to 
give  “ a remarkable  approximation  to  the  exact  values.’' 

He  has  also  made  to  me  the  suggestion,  which  would  not  otherwise  have  occurred  to 
me,  that  something  further  is  to  be  got  out  of  method  “D”;  that  is,  by  taking  the 
values  of  Ex  obtained  for  the  ages  15,  25,  35,  45,  etc  , and  applying  to  them  the  formulae  for 
interpolation  (given  on  page  20),  it  may  be  possible  to  obtain  values  of  Ex  for  the  even 
ages,  20,  30,  40,  etc.,  approximating  to  the  true  values  deduced  by  “A.” 

Acting  upon  this  suggestion,  I have  worked  out  the  results  which  (as  set  down  in 
Table  X.)  are  surprisingly  accurate. 
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The  formulae  have  been  applied  both  to  the  numbers  themselves,  and  to  the 
logarithms  of  the  numbers,  and  as,  on  the  whole,  the  results  obtained  from  the  simple 
numbers  give  the  nearest  approach  to  the  exact  values  (although  there  was  found  to  be  but 
little  difference),  this  method  has  been  chosen  as  being  at  once  the  most  simple  and  the  most 
accurate. 


The  mode,  therefore,  of  obtaining  the  value  of  E20  (that  is,  the  expectation  of  Life  at 
age  20)  is  simply  this: — 

Having  given  the  values  of  E5  E15i  E25  and  E35  by  the  formula,  the  “centre  term  ” 
is  thus  deduced  : — 

_ 10  (Eu  + E26)  - (Es  + E„  + E25  + E35) 

_Cj20  _ 

16 

that  is,  from  10  times  the  sum  of  the  middle  terms  subtract  the  sum  of  all  four  terms  and 
divide  the  remainder  by  16. 

Thus,  in  the  male  section  of  the  table  : — 

_ 10  (44-37  + 36-38;  - (52-74  + 44-37  + 36-38  + 28-92)  _ 

16 

In  a similar  way  the  values  of  E30i  E4n  E50  and  E60  have  been  calculated. 

E70  has  been  arrived  at  by  the  formula : — 

E75  + e56 

E70  — + If  E05  — E00 

4 

Therefore  it  would  appear  that  the  most  simple  and  the  most  accurate  way  of 
calculating  a local  Life-Table  (in  so  ear  as  the  Et  column  is  concerned)  would  be  to 
calculate  the  mean  values  of  px  (the  chance  of  living  one  year  from  age  x to  age  x + 10) 
directly  from  the  true  mean  population  numbers  and  numbers  of  deaths  for  the  10-yearly 
periods  5-15,' * 15-25,  etc.,  and  then  having  arrived  at  the  values  of  E5  E15  E25  etc.,  by  methods 
“ C ” and  “ D,”  to  “ interpolate  ” from  these  values  the  values  of  E10i  E20  E30>  etc. 

The  difference  of  this  method  from  the  method  adopted  for  the  Havdock  Life-Table 
is  that  the  “ interpolation  ” is  left  until  the  last  stage,  instead  of  being  effected  at  the  first 
stage,  in  the  numbers  of  population  and  of  deaths.  The  “ interpolations  ” in  the  Ex  column 
can  be  calculated  in  a very  short  time  on  a small  sheet  of  notepaper,  whereas  the 
calculations  as  applied  to  the  numbers  of  population  and  deaths  are  rather  long  and  tedious 
processes. 

Still,  if  it  be  desired  to  get  intermediate  quinquennial  values  in  the  “ px”  and  “ lx” 
columns  of  the  Life-Table,  which,  as  has  been  explained,  have  their  own  importance  as 
well  as  the  “ Ex”  column,  it  will  be  necessary  to  make  the  interpolations  at  the  beyinning. 

In  order  to  save  space  and  the  expense  of  printing  I have  not  given  the  five  Life- 
Tables  in  full,  as  they  have  been  worked  out  by  methods  “ B,”  “ C,”  and  “ D.” 

It  would  scarcely  require  the  methods  of  the  “ higher  criticism  ” to  point  out  how 
many  different  “strata”  exist  in  the  preceding  pages,  and  what  apparent  inconsistencies  are 
to  be  found.  The  only  apology  or  explanation  which  can  be  offered  for  such,  is,  that  a 
process  of  “ evolution  ” has  been  represented. 


1 — In  the  Tables  which  I have  worked  out,  the  5-yearly  periods,  5-10  and  10-15  have  been  dealt  with  separately. 


TABLE  X. 


Values  of  Ex  for  ENGLAND  AND  WALES  (1881-90)  calculated  by  the  combined 
short  methods  “C”  and  “D,”  compared  with  “A.” 

For  Ages  0 and  5 values  of  “C”  are  taken. 

For  Age  10  MEAN  values  of  “C”  and  “D”  are  taken. 

For  Ages  15,  25,  35,  &c.,  values  of  “D”  are  taken. 

For  Ages  20,  30,  40,  &c.,  the  values  are  “interpolated”  from  the  values  of 
15,  25,  35,  &c.,  already  found  by  “D.” 


Ages. 

MALES 

FEMALES. 

Ex 

Differences 
from  “ A.” 

Ex 

Differences 
from  “A.” 

0 

43-65 

— -oi 

47-25 

+ -07 

5 

52-74 

— -oi 

55-01 

+ -09 

10 

48-95 

— -05 

5113 

+ -03 

15 

44-37 

— -10 

46-60 

+ -05 

20* 

40-32 

+ -05 

42-52 

+ -10 

25 

36-38 

+ -10 

38-56 

+ -06 

30 

32-58 

+ -06 

34-78 

+ -02 

35 

28-92 

+ -oi 

31T3 

— -03 

40 

25-43 

+ -oi 

27-56 

— -04 

45 

22-09 

+ -03 

24-06 

+ -oi 

50 

18-84 

+ *02 

20-55 

— -01 

55 

15-77 

+ -03 

17-19 

— -04 

60 

12-91 

+ -03 

14-08 

— -02 

65 

10-33 

+ -02 

11-26 

± -00 

70 

8-09 

+ -05 

8-80 

+ -03 

75 

6-23 

+ -13 

6-77 

+ -09 

* — These  values  of  E2o  have  been  worked  out  by  the  formula  given  on  the  preceding  page.  However,  as 
Es  does  not  belong  to  the  same  series,  viz.,  the  values  deduced  by  method  “D,”  I have  found  that  the  following 
formula  gives  still  truer  results : — 

e20  = Elg-4—  + H e26  - e30 

4 

This  gives  the  value  of  E20  for  Mules  40'31,  with  a difference  from  “A”  of  +'04,  and  for  Females  42-49, 
with  a difference  from  “A”  of  +'07. 


